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MORPHOLOGIC CHANGES IN THE LYMPHOCYTES OF PERSONS 
EXPOSED TO TONIZING RADIATION 


ANNAMAE DICKIE AND Louis H. HEMPELMANN, M.D. 
Los ALAMos, N. M. 


XAMINATION of supravital preparations of the blood of persons exposed to 

ionizing radiations and toxie chemicals at the Los Alamos Seientifie Lab- 
oratory has revealed the presence of an unusually large number of refractive 
neutral red bodies in the eytoplasm of the circulating Ivmphoeytes. These 
bodies are also present in smaller numbers in lymphocytes of unexposed persons. 
They can be distinguished from intracellular vacuoles which also stain with 
neutral red. The increase in neutral red bodies is evident even when exposure 
to radiation is within the tolerance range, eq., not greater than 0.1 roentgen 
of X-rays or gamma rays per day delivered to the entire body. The neutral 
red bodies are found in inereased numbers after acute exposure to doses of 
ionizing radiation which do not affect the total white blood cell count, the total 
Ilvmphoevte eount, or the differential blood cell pieture, 


METHODS AND MATERIALS 


This study covers a two-year period from 1944 to 1946. All of the subjeets 
have been emploved at the Los Alamos Scientific Laboratory. Except for those 
in control group, all persons have been engaged in work whieh has resulted in 
exposure to Jonizing radiation or toxie chemicals. With rare exceptions, the 
exposure was limited to one type of ionizing radiation or to one kind of chemical. 
The subjeets included in this report were carefully selected for uniformity of 
sex and age. The conditions under whieh the study was carried out were kept 
is uniform as possible. The subjects were healthy, adult men, the great majority 
f whom were between 20 and 30 vears of age. All were in residence at the 
Los Alamos project. All subjects were essentially of the same economic status. 
Mach blood sample was taken in the morning between eight-thirty and ten 
clock. Exeluded from this series was any subjeet showing evidence of illness 
except for a group of ambulatory controls specifically chosen for upper re 
piratory infections), extreme fatigue, or hematologic abnormalities of known 
r unknown etiology (except radiation ) 

As far as ean be ascertained, dissimilarities between the control and the 
<posed subjects were limited to occupation and number of blood counts per 


ibject. All exposed persons were engaged in laboratory work of some sort, 


This paper is based on work performed under Contract No. W-7405-Eng-36 with the 
nhattan Project at the Los Alamos Scientific Laboratory of the University of California. 

From the Los Alamos Scientific Laboratory. 

Received for publication, June 1, 1947. 
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while the occupations of the control group ranged from physieal work per 
formed OuUL-O1 doors tO cl rical work Relatively few Persons in the control 
SerIeS worked nce & conditions comparable tO Those under which the exposed 
subjects worked. AS fa as the number Ol hlood counts per subject is eon 
cerned, not more than one or, at the most. two blood counts were obtained for 
each control, while monthly or bimonthly blood counts were done on the exposed 
personnel. In many eases this was the only blood count which a control subject 
had experienced. The emotional response in some of these individuals cannot 
be ruled out as a faetor which may have modified their blood pictures. 

Every practical means was used to minimize technical errors and to reduce 
the statistical variation of individual counts. All pipettes and hemocytometer 
chambers used in this study were standardized by the United States Bureau 
of Standards. The red blood cell count was determined by examining two 
sides of a hemoeyvtomet r chamber filled with well mixed diluted blood from a 
single pipette. Both sides of two chambers containing mixed diluted blood 


] 


from two pipettes were counted to determine the white blood cell count. The 
hemoglobin eontent ot the hlood Was estimated I means ot the oxvhemoglobin 


’ 


method of Evelyn The differential leucocyte picture was obtained by exam 


ining 300 cells—200 on a dried film of blood stained with Wright’s stain, and 
100 in supravital preparations. In most cases, the number of refractive neutral 
red bodies in fit ty lIvmphoeytes Was counted and recorded. 

Since the morphologie change in the Ivmphoeytes reported in this article 
ean be visualized only in supravital preparations, a detailed account of this 
technique as used in the Los Alamos Medical Laboratory will be given: 

Microscopie slides and cover slips are carefully cleaned with potassium 
dichromate-sulfurie acid solution They are then rinsed with distilled water, 


soaked several 


days in ethyl aleohol, dried, and stored in a dust-free box. <A 
small drop of blood from a fresh stab incision on the finger or lobe of the ear is 
picked up with a clean cover slip No. 0). The elass is inverted and allowed 
to fall on a MICLrOscople slide on which an aleoholie solution of neutral red and 
Janus oreen has dried. When the blood has spread between the TWO surtaces 
to form a thin film, the cover slip is rimmed with petroleum jelly. The prep 
aration is kept at 10 to 15° C. until just before examination, when it is allowed 
to come to room temperature. 

In order to obtain adequate uptake Ot the dves Hy the leucocytes, it has 
heen necessary to use much stronger solutions of stain than those recommended 
in the literature. The dye solution used in this laboratory consists of 4.0 ml 
of a saturated alcoholic solution of Janus ereen and 16.4 ml. of a saturated 


aleoholic solution of neutral red dissolved in 100 ml. of absolute ethyl aleoho 


freshly prepared by the sodium phthalate method. The aleoholie solution is 
allowed to flow onto clean Microscopie slides and the exeess is wiped off imme 
diately. The slides are dried and stored in light-proof, dust-free eontainers 
Eres! ly stained slides are prepared every forts eight hours. Presumably, the 
intensity of seattered sunlight at this altitude (7,300 feet above sea level 
modifies the dyes in an unknown manner which makes necessary the use o 


higher concentrations of staining solutions. The appearance of the cells an 

























Fig 1.—Photomicrograph (magnification 1200) of a supravital preparation of blood 
cells of a subject recently exposed to small repeated doses of radiation. Refractive neutral 
red bodies are seen at five-thirty and nine-thirty o’clock in the lymphocyte at the center of 
the print. The cluster of shadows between the two bodies are mitochondria. 





Fig 2.—Photomicrograph (magnification 1200) of a supravital preparation of blood 
moa subject after exposure to small doses of gamma rays for a period of two months. 
ere are fifteen refractive neutral red bodies in the lymphocyte, some of which are almost 
It of focus, The large shadow at three o’clock is formed by two refractive bodies. The 
ther shadows in the cytoplasm are produced by mitochondria. 
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tomicrograph ( 


frat 


Fig. 3 I} ue? } magnification 1200) of a supravital preparation of blood 
i ibject) expose to ionizing radiation There t 


ire fifteen refractive neutral 





bodies 





red 
i l phoeyte at the center of the picture, of which only a few can be seen at 
this focus. One refractive body is clearly seen at one o'clock The apex of the V_ shaped 
shadow at three o'clock is formed by a cluster of five refractive neutral red bodies. The 
remainder of this shadow is composed of mitochondria and three neutral red 
which are partly out of f 


il red bodies, all of 


=U 
Og a 


() EA , 


if focus, 








Fig. 4 Photomicrog! 
mm. oil immersi ’ 
en refractive bodies in the lymphocytes can be identified in tl 
t depth of focus of the phase microscope Note the deep 


graph of same field as shown in Fig. 3, through phase optical system 
on objective with integral diffraction plate tvpe 15B-0.25) All of the 
iis picture because of the 





p shadows cast by the cluster 
efractive bodies at three o’clock and by the single body at one o’clock seen in Fig. 3. 
light shadow extending from eight o'clock to eleven-thirty o'clock is produced by 
chondria. 
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uptake of dve by leucocytes resulting from the use of slides prepared with 
these strong solutions do not differ in any Way from that observed in othe 


‘ : 1°) ; i a , 
laboratories where more GAliute solutions Ol SUpPVaVItAal dadves ar emploved. 


RESULTS 
It was observed that the Ivmphoevtes OL Persons exposed to ionizing radia 
tions and toxie chemicals contained more refractive neutral red bodies than 
did the eells in the blood of unexposed subjects These bodies, previously 
deseribed in normal Ilvmphoevtes by Crall.? were irre eularly placed throughout 


the evtoplasm. They were irregular in shape, varied considerably in size, and 


had a more decided brick-red color than did the neutral red-staining vacuoles 
Kies. 1 to 3). There was no increase in number or size on standing twelve hours 
at 10 to 15° CC. The number of retractive bodies per cell varied from zero to 
more than thirty. The refraectiveness of these bodies resembles that of the 
oranules in (¢ Ils ot the oranuloeyvtic SCLr1eS and distinguishe S them from vacuoles 
and nonretraetive bodies which also stain WITT) Tie itral red dve 


Examination of the same blood samples stained with Wright's, Giemsa’s, 
and peroxidase stains revealed no morphologic abnormalities of the Ivmphoevte Ss 
similar to that described. 

By using contrast microscopy, additional information was gained about 


individual cells in a 


the structure of the refractive neutral red bodies Ii 


supravital preparation were examined first through an ordinary microscope 


and then through a phase microscope, it was observed that the refractive neutral 
red bodies showed a high phase contrast while the nonrefractive and vacuolat 
neutral red-staining bodies showed a low phase contrast (Fig. 4 This indicates 


that the density of the neutral red bodies is high and that they probably exist 


in the solid or granular phase. The mitochondria are the only other structures 
n the lwmphoeytes that show a high phase contrast. These bodies are not 


easily eontused with the neutral red bodies under the contrast microscope since 
ney are smaller and their green color is poorly transmitted through the phase 
ptical svstem, while the red eolor ot the refractive hodies is well transmitted. 
The increase of the neutral red bodies in the lymphoeytes of the exposed 


ve rather than a qualitative change 


roups represents essentially a quantitat 


he modification in the numbers and distribution of neutral red bodies in 
ly exposed to radiation is shown in Fig. 5. 
| 


order to facilitate the demonstration of 11 mphoevtie changes otf this nature, 


mphoeytes for subjects various 


was decided to differentiate between cells which contained an abnormally 
rege number of refractive neutral red bodies and those whieh did not It 
iS agreed, there fore, on a complet ly arbitrary basis, to designate any lvm 
ocyte with five or less neutral red bodies as *‘normal’’ and to consider any 
| with six or more bodies as ‘‘abnormal.’’ This terminology will be used 
the remainder of this article 

One thousand sixty-four hematologic studies on 3864 subjects have been 
alyzed. Fig. 7 is a seatter diagram showing the percentage of abnormal 
iphoeytes in all subjects divided into control and exposure groups. The 


1 


Janation of the tvpe and degree of exposure of each eroup is given in Table I. 
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TABLE I. TYPE AND DEGREE OF EXPOSURE OF GROUPS MENTIONED IN SCATTER DIAGRAMS 
NUMBER 
OF} 
PERSONS DESCRIPTION DEGREE O} 
GROUP IN GROUP OF WORK EXPOSURI 
Group A 
Unexposed 
Class J 
Military personnel 62 Physical work out None 
ot-doors 
Civilian personnel 10) Indoor work ranging None 
from clerical and 
administrative 
obs to theoretien] 
sclentiie work 
An bulatory clink patients s Varied None 
with upper respiratory 
intection 
Class I] 
Laboratory technicians li Laboratory vork None, but incidental expo 
and scientists sure to radiation cannot 


Plumbing 
electric 


Skilled craftsmen , Carpentry, 
al work, 


and machine shop 


work 


Group B 


External radiation 


Class J] 20 Laboratory work 
Class II 1] Laboratory work 
Class II] 95 Laboratory work ( 
Class I\ 22 Laboratory work ( 
Group be 
Radioactive material A 
Class I] 8 Laboratory work ( 


he excluded completely 
No known to 
radiation; plumbers ex 


exposure 


posed to lead oxide fumes 
within tolerance limits; 
machinists exposed to 
metal fumes 

Incidental exposure to 
external radiation; aver 


age exposure less than 


0.3 to 65 1 per month 


Intermittent 
chiefly to natural sources; 


l r per 


exposure 
average exposure 


month or less 


1 
‘onsistent exposure chiefly 
to radiation Trom ae 
celerating 
evelotron, Van de 
Graaff, ete. 
La | 


rarely did 


ae 


equipment 


average ex 


posure ‘Yr month o1 


Je A 


dose 


nm 


le SS 5 
any day approach 
0.1 


msistent exposure over 


o1Vel 


1 


six-month period to strong 
radioactive sources; 
monthly exposure 3.0 r o1 
with certain 
exceeding this value for : 
month; daily expo 
sures frequently exceeder 
0.1 r and occasionally 

! 1 


less 


persons 


single 


1 
eached hi 


with radioactive 
material A, an alpha 
particle emitter; no de} 
of material 
within hody according t 
reasonably sensitive test 


‘ontact 


osition 
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TABLE I CONT'D 


NUMBER 
Ot 
PERSONS DESCRIPTION DEGREE O} 
GROUP IN GROUP OF WORK EXPOSURI 
Class I] 17 Laboratory work Contact with radioactive 
material A; some deposi 
tion of material in the 
body, but average amount 
below) maximum permis 
Radioactive material B sible value 
Class | 29 Laboratory work Contact with radioactive 
material B, an alpha par 
ticle emitter; no deposi 
tion of material in the 
body according to moder 
ately sensitive test 
Class IT] 6 Laboratory work Contact with radioactive 
, material B; deposition ot 
material in the body ap 
proaching maximum pet 
Group D missible amounts 
Uranium 20 Laboratory and Mild to moderate exposure 
plant work ti uranium = chiefly as 
oxide fumes 


This exposure refers to the period 1948 to 1946 and does not take into con- 
sideration the previous exposure record of the subject. In practieally all cases 
except those in Radiation Groups [TT and III, previous exposure to toxie chem- 
icals or radiation was negligible. Each point in the seatter diagram represents 
the percentage of abnormal lymphoeytes for a single subject. In the ease of 
most of the controls, this point is based on one examination; in the ease of the 
exposed subjects, the point represents the average of many (in one instance, 
thirty) examinations. Where radiation exposure was intermittent it was im- 
possible to correlate the time of the hematologic examinations with the time of 
the exposure. For purposes of comparison, Figs. 6, 8, 9, and 10 show scatter 
diagrams of the total white blood count, the tetal abnormal lymphocyte count, 
the total lymphoeyte count, and the percentage of lymphoeytes in the differential 
white blood cell count for each exposure group. As in the ease of Fig. 7, each 
woint represents an average figure for all examinations on a single individual. 
Figs. 11 and 12 show the inerease in percentage of abnormal lymphoeytes 
persons accidentally exposed to single, large, instantaneous bursts of general 
ody radiation. It is unfortunate that previous determinations of the per- 
entage of abnormal lyvmphoeytes were not made on these subjects. A complete 
ematologic report of these cases will be presented in a forthcoming article. 
ingle exposures to general body gamma radiation which did not exceed 5 
entgens and which were delivered over a period of several hours produced 
increase in the percentage of abnormal lymphocytes. 
Similar increases in abnormal lymphocytes have been observed in rabbits 
d cows exposed to large doses of ionizing radiation. Morphologie changes 


this type in the lymphocytes of mice and rats exposed to radiation could 
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not be detected because the large amounts of neutral red dye normally taken 






up by the cytoplasm of the lymphocytes interferes with the identification of 





the refractive bodies. 






DISCUSSION 










A survey of the literature has failed to disclose previous descriptions of 


similar morphologic changes in lymphoeytes after in vivo exposure to small 






repeated doses of ionizing radiation. Morphologie changes in living e¢ells of 






various kinds have been reported following exposure to single large doses of 






radiation. Prigosen® has reported the appearance of neutral red bodies in 
| 






irradiated tumor cells. Recently Schrek® deseribed an inerease in evtoplasmic 






vacuoles in dark-field preparations of lymphoeytes after in vitro and in vivo 





exposure to X-rays. 






Inspection of the scatter diagrams in this report shows that there is an 




























inerease in abnormal lymphocytes in the persons exposed to ionizing radiation. 
The percentage and total number of abnormal cells can be correlated with the 
magnitude of chronic exposure. The significance of the data presented in these 
diagrams is evident without further statistical treatment. There are several 
features of these diagrams, however, which require further discussion. 

A significant difference between the controls (Group A, Class 1) and the 
groups exposed to. radiation (Group B, Classes I, I], III, and 1V) was observed 
only for total leucocyte count, the proportion and absolute numbers of abnormal 
lymphocytes. In the case of the total white blood cell count, the difference can 





be demonstrated by comparing the average counts for each group. Since most 
of the total counts of all groups lie between 5,000 and 9,000 cells per eubie 
millimeter, however, the value of any individual count has little significance 
in determining the exposure group into which the subject falls. On the other 
hand, the difference in the percentage of abnormal cells and absolute abnormal 
cell counts between control and exposed subjects is reflected in the value for 
an individual subject. Most of the controls have less than 20 per cent abnormal 
cells or 400 abnormal cells per cubic millimeter, while all of the more consistently 
exposed subjects show percentages and total numbers of abnormal cells above 
these levels. There is so little overlap of points for exposed and control groups 
that the appearance of few or many abnormal cells has more than chance 
significance in determining the exposure of any given individual. 

A difference in percentage and absolute numbers of abnormal lymphocytes 
also exists between the controls and the groups exposed to certain chemieals 
In this respect, it should be emphasized that the biologie action of natura! 
uranium is due to its chemical rather than its radioactive properties. Thus 
the increase in percentage of abnormal lymphocytes in Group D is probably 
related to the chemical effect of uranium. The increase in percentage of ab 
normal cells in Group A, II (Fig. 7) is added evidence pointing to the fact that 
exposure to toxic chemicals changes the percentage and the absolute numbe! 
of abnormal cells, since nine of the fourteen points above the 20 per cent 
abnormal cell level represent plumbers who were frequently exposed to lead 
fumes. These subjects have shown no clinical or laboratory evidence of plumb 
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ism except for an occasional mild degree of basophilic stipling of the red blood 
cells. An inerease in abnormal lymphocytes was also found in persons working 
with industrial nonradioactive chemicals besides uranium and lead. 

It is evident from Figs. 11 and 12 that exposure to a single large dose ot 
ionizing radiation increases the proportion of abnormal cells in the circulating 
blood. The response of the lymphocytes of the four subjects in Fig. 11 is 
essentially the same, although the radiation dosage of the subjects differed by 
a factor of ten. It must be coneluded, therefore, that the increase in abnormal 
lvmphoeytes is not proportional to the dosage when administered as a single 
brief exposure. 

SUMMARY 


1. Analysis of the total leucoeyte counts of persons chronically exposed to 
ionizing radiation and toxie chemieals shows a significant statistical decrease 
in the exposed groups. 

2. Analysis of the absolute number and of the percentage of lymphocytes 
in the differential counts of the same persons shows no significant change. 

3. Morphologie study of supravital preparations of blood cells of persons 
chronically and acutely exposed to ionizing radiation indieates a striking in 
crease in the number of refractive neutral red bodies in the eytoplasm of the 
circulating lymphocytes. An inerease in neutral red bodies is also found in 
persons working with toxie chemieals. 

4. These neutral red bodies have high density and may be considered to 
he granules. They have not been identified in fixed preparations. 
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STUDIES ON LYMPHOGRANULOMA VENEREUM: 
EVALUATION OF THE COMPLEMENT FIXATION TEST WITH 
LYGRANUM 







































Morris FF. SHAFFER, PH.1D)..* AND GEOFFREY RAKE, M.B., B.S. 


NEw BRUNSWICK, N. JJ. 


ie THE development of our knowledge of most infectious diseases, progress 
has been expedited by improvements in the methods available for diagnosis, 
particularly in the case of latent infections or in the frank disease when svmp- 
tomatology and clinical signs are not distinetive. Thus in lymphogranuloma 
venereum Frei’s discovery of the intradermal sensitivity of infected) indi 
viduals to lymphogranulomatous bubo pus constituted a great advance since if 
enabled a diagnosis to be made on grounds other than the clinicopathologie basis 
set forth by Durand, Nicolas, and Favre.2 By means of this cutaneous reac 
tion a variety of lesions other than those of the genitals and regional lyvinph 
nodes were linked to a common background of lwmphogranulomatous infection : 
in some instances it has been possible later to confirm the diagnosis by the 
actual isolation of the etiologic agent from pathologic material.’ Until recent- 
lv, however, a serious deterrent to the routine use of the Frei test in large 
scale investigations (which are highly desirable for a more complete understand 
ing of the epidemiology of the disease) was the fact that to the great majority 
of clinicians there was not readily available human bubo pus of satisfactory 
specific activity and free from contamination with antigens derived from other 


infectious Organisms. 





Several preparations of tissues experimentally infected with virus, such 
as brain tissue from different animal species,’ have been suggested and emploved 
as a substitute for human bubo pus. These, while containing sufficient specific 
antigen to elicit a positive Frei reaction, also include relatively large amounts 
of foreign tissue which may evoke a nonspecific inflammatory response. This 
makes interpretation of the test difficult unless it is compared with the result o| 
simultaneous inoculation of normal tissue emulsion as control. Furthermore. 
allergic hypersensitivity to the accompanying brain tissue, whether inherent 
in the individual or acquired only after repeated skin testing, may sometimes 
obscure any specific reaction to the virus antigen.” It should be pointed out 
however, that while no control material is inoculated in tests with human bub 
pus and any reaction following its introduction is taken as evidence of a posi 
tive response, there is little reason to believe that the skin of oecasional indi 
viduals may not be irritated by injection of certain components of such pu 
irrespective of the presence of, and reaction to, lymphogranuloma antigen. 

A new and improved reagent (Lygranum) for the Frei test® has bee: 
developed as a result of the observation that the etiologic agent of Lymph: 
granuloma venereum will proliferate luxuriantly when introduced into tl 
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volk sac of the embryonated hen’s ege.! The enormous numbers of elementary 


bodies and other developmental forms of the virus* thus obtained have been 
readily separated from the bulk of the host tissue by differential centrifugation 
and the infective properties suitably destroved while preserving the antigenic 
activity. In the experience of several groups of investigators” the results have 
heen eminently satisfactory, with this purified suspension of virus showing di- 
vers features of superiority over mouse brain antigen and being at least equal 
in the number of positive reactors detected when compared with highly potent 
samples of human pus. The concentration of antigen in Lyeranum preparations 
can be controlled, so there is no prevailing reason why it should not be available 
Ina form even more potent than the most active specimens of bubo pus. There 
has been some criticism of Lygranum because of difficulty in) interpreting 
so-called *‘nonspecifie’? reactions.'’ consisting largely of erythema without 
papule formation or, less frequently, small papules elicited in nonlymphogranu 
lomatous persons. It should be emphasized again, that the zone of erythema 
seen at the site of inoculation of Lygranum S. T. is of no diagnostic significance 
whatever. Only the presence of a definite papule of at least 6 mim. in diameter 
should be taken as indicating a positive reaction with Lyeranum, and every 
fest should be controlled with normal volk sae material injected simultaneously 
with the specific antigen. The control injection usually provokes a negligible 
or trivial reaction, but individuals who are sensitive to chick embryo materials 
may give papules with the control from normal volk sac as large as those with 
Lygranum; in such persons the reaction to Lygranum S. T. should not be con 
sidered as positive. 

The utility of Lyeranum is not limited to the intradermal test for it has 
also been found potent in the detection of complement-fixing antibodies in the 
serum.'' While the evidence thus far acquired has shown Lygranum to be a 
very sensitive indicator when used in this manner as an aid in the diagnosis of 
infection with Ivmphogranuloma virus, other studies have demonstrated that 
cross reactions are obtained with this antigen in complement fixation tests on 
the sera from patients with trachoma or inclusion blennorrhea'? and in certain 
‘ases of atypical pneumonia or pnemmonitis due to psittacosis or closely re- 


. 14 


lated viruses. ! This is not unexpected since, in spite of obvious differences 


ho modes of transmission and tissue tropisms, the agents responsible for these 


liseases appear to share many properties, Including the possession of a common 


ntigenie faetor.’* Tt is one of the purposes of this paper to explore the 
nits of the specificity of Lygranum in the complement fixation test in the hght 


a comprehensive summary of our experience with several hundred sera de- 


ived from persons with a variety of clinical conditions. 


REAGENTS AND TECHNIQUE 


Antigens.—Egg-adapted lymphogranuloma virus was employed as inoculum for six- or 
en-day chick embryos via the yolk sacs; the latter were harvested shortly prior to, or 
mediately following 


g, death of the embryo from specific infection, all embryos being eandled 
ce a day. Those yolk sacs, found on examination to contain abundant virus in the ab- 


ice Of other agents cultivable on artificial media, were pooled and ground or shaken with 
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ten volumes of physiologic saline. For the tests to be reported here, the virus was freed from 
most tissue material by differential centrifugation and finally suspended in saline containing 
0.1 per cent formalin.11 Control material was prepared from normal yolk sacs in exactly 
the same fashion. Nigg has found that a useful antigen may be obtained by the simple 
expedient of treating the crude saline suspension of virus-infected yolk sac with urea or 
ether.16 Recently a combination of boiling and treatment with phenol has proved even 
more satisfactory!?; not only may the specific complement-fixing activity of the antigen be 
enhanced thereby, but also yolk sac preparations treated in this way do not show the non 
specific fixation with sera from cases of early syphilis (see below The mechanisms in 
volved are not understood. 

In some of the early tests we employed in place of yolk sac virus the supernate obtained 
t low speed a saline suspension of lymphogranulomatous mouse lungs,'§ 


by centrifugalizing a 
results with 


together with control material from similarly treated normal mouse lung. The 
the two viral antigens were entirely in agreement; we preferred later to use yolk sac antigen 
since it was more readily available in large amounts, was usually somewhat more potent, and 


could readily be obtained free from contamination with other organisms. The lungs of mice 


+ 


may contain varying numbers of adventitious bacteria or other agents which might lead 
erroneous results, although we have experienced no difficulty from this cause. Finally the 
handling of intranasally infected lymphogranulomatous mice constitutes a definite hazard 
in the Jaboratory.19 The soluble antigen found in Seitz filtrates of virus-infected yolk sae 
or mouse lung tissue29 has also been utilized, but this may be less potent than suspensions 
containing particulate virus. 

For use in complement fixation tests stock antigen from any of the sources mentioned 
was adjusted by dilution so that it was not anticomplementary, gave definite reactions wit! 
known weakly positive lymphogranulomatous sera, and gave no reaction with sera from no: 
mal individuals. 

Sera.—Just before use the sera were inactivated for twenty minutes at 56 or 60° C 
the higher temperature was helpful in reducing the anticomplementary behavior observed on 
prolonged storage of serum.21 Serial doubling dilutions were made in physiologic saline 
In most eases the lowest initial dilution of serum tested was 1:2, although on a few ocea 
sions the undiluted serum was also used. Since during fixation the serum is acting in 
tinal dilution three times that originally introduced, we have recorded the titers as the hig! 
est final dilution giving definite specific fixation. 

Complement.—Guinea pig serum was used, either fresh or stored at -32° C. until 
needed; it was titrated and diluted just before use. Two units in 0.2 ml. were usually ob 
tained with a 1:20 to 1:50 dilution. 

Performance of Test.—The following procedure was found to yield satisfactory result 
while retaining features of simplicity and convenience, permitting the test to be read withir 
two hours after it was prepared. To a series of tubes was added 0.2 ml. of each of the r 


agents, in the order stated: diluted patient ’s serum, 2 units of hemolytic complement, specit 


antigen, A control series was set up in each instance with normal tissue material in place o 


{ 


the specific antigen. In every test controls were also included to exclude anticomplementat 
or hemolytic action of the antigen or patient’s serum, as well as to demonstrate the activity 
of the complement. After incubation for seventy-five minutes in a 37° C. water bath, 
each tube was added 0.2 ml, of the indicator. This volume contained a 3 per cent suspe 
sion of sheep corpuscles in saline and 2 units of amboceptor, the cells having been sens 
tized beforehand by incubation for thirty minutes at 37° C. Readings for fixation (inhil 
tion of hemolysis) were made after thirty minutes longer at 37° C. Only when all contr 
were satisfactory was a test considered of possible diagnostic significance. The sensitivit 
of the test can be increased somewhat by carrying out fixation in the refrigerator overnig! 
or by a short period of incubation in the cold following that at 37° C. Prolonged fixati 
in the cold increases the tendency to nonspecific fixation with normal yolk sac control mat 
rial, however, so this refinement was used only rarely. 

Nearly all sera were tested in serial dilutions at least twice, and the majority we 
tested several times to check the reproducibility of results. One additional point should 
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mentioned here, namely, the desirability of testing serum specimens with reasonable prompt- 
ness after their collection. If fluid sera are stored without preservative in the refrigerato: 
for many months they frequently suffer deleterious bacterial or fungous contamination; 
furthermore, the specific titer tends to diminish with aging while the anticomplementary 
properties increase, making it difficult or impossible to test satisfactorily low dilutions of the 
serum. This should be borne in mind, since some sera are of low titer even when tested 
shortly after their withdrawal from the donor. 


PRESENTATION AND DISCUSSION OF EXPERIMENTAL DATA 
1. Tests on Sera from Persons With History or Signs of Overt Lympho- 
granulomatous Infection and Positive Frei Test—We have tested serum speci- 
mens from 149 patients falling in this classification, with the results summarized 


in Table I. 


TABLE I. COMPLEMENT FIXATION TESTS ON SERA FROM PERSONS WITH EVIDENCE OF 
LYMPHOGRANULOMATOUS INFECTION 


LYGRANUM 
COMPLEMENT 


'YPES OF LESIONS OBSERVED NUMBER FIXATION 
IN PATIENTS rESTED POS. NEG. 

Genital and/or inguinal lesions” 33 33 0 
Posterior bowel lesionst 61 60 l 
Other lesions} DD 54 ] 
Total 149 147 2 

*This group includes early or chronic lesions of genitals and/or inguinal adenopathy. 

*This group includes: (1) proctitis and/or rectal stricture; (2) other anal lesions such 
is sinus, fistula, ete.; (3) involvement of colon. 


tThis group includes cases presenting one of the following: (1) both genitoinguinal 
ind rectal pathology, (2) generalized systemic manifestations, (3) laboratory infections, (4) 
ther lesions not further classified 


An analysis of the data has brought out certain points of interest. In our 
hands the complement fixation test gave positive results with the sera from 
98.6 per cent of 149 individuals in whom the Frei reaction and history or celini- 
cal signs were indicative of overt lymphogranulomatous infection ; the two fail- 
ures may have been due to a very low concentration of antibodies which could 
perhaps have been detected by making the conditions of testing more sensitive, 
or to the absence of antibodies in these particular serum specimens. 

The titers of the positive sera ranged from 6 to 1,920 and greater. The 
trequeney with which various titers were encountered was as follows: 


TITER 
32 (21.8 per cent 6 to 15° 
40 (27.2 per cent) 30 to 60 
$2 (28.5 per cent) 120 to 240 
33 (22.4 per cent) 480 or greater 


The data have been examined in an attempt to ascertain the factors influencing the 
uplement-fixing titers obtained. 

1. Activity Status: Usually, but not invariably, the sera of patients with clinically 
tive lesions showed higher titers than the sera of patients with healed lesions.22 

2. Intensity of Frei Reaction: The sera of individuals who yielded a large cutaneous 
ponse usually showed higher titers than those from persons whose Frei reactions were 
ak (see also Grace and Rake22). In some instances, however, patients with antibodies of 


*It should be recalled that all figures concerning titer are given at threefold the usual 
ignation in the literature. Thus most authors would give these titers as from 2 to 5. 
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low titer (6 to 15) gave skin reactions of greater intensity and extent thin other persors 
whose serum titer was tenfold greater. 

3. Duration of Infection: In recent infections the titers ranged from 6 to 960; where 
the disease had been in progress for three to eight vears the titers observed were from 60 to 
960. A patient with infection of ten vears’ standing was found to have a titer of 30; an 
other whose disease dated back fifteen vears showed a titer of 90, while the serum of a 
third individual twenty years after the onset of inguinal adenopathy showed a titer of 6. 
Thus the duration of infection was not necessarily reflected in the titer. 

$1, Location of Lesions: No obvious disparity in regard to antibody levels was noted 
hetween infections characterized by inguinal adenopathy and/or genital lesions and those 


involving the posterior regions of the bowel. 


». Ser: In the respective sexes the serum titers were distributed as follows: 
TITER WOMEN MEN 
6 to 15 Ss 24 
30 to 60 fy 9) 
120 to 240 KB 24 
ISO or evreater 1 S 


While these figures indicate that titers of 120 or greater were more common in women, 
the number of cases involved is too small to be statistically significant. 
6. Race: The titers in whites and Negroes were closely parallel, that is: 
PITER WHITES NEGROES 
6 to 15 19 is 
30 to 60 16 15 
120 to 240 2] IS 
180 or greater 7 5 
7. Concomitant Venereal Infection: The presence of other venereal diseases did not 
noticeably affect the lymphogranuloma complement-fixing titer. It is noteworthy that in the 


group with reetal lesions (chiefly stricture and/or proctitis) thirty-five had no history 0! 
evidence ot othe venereal disease, twenty had signs, serologic evidence, Ol history of syph 
ilis, and one had a history of gonorrhea. In the genitoinguinal group, eight had no evidence 
of other venereal disease, nine had a history of syphilis, and three had other venereal in 


feetions. 


Discussion: It should be emphasized that in developing the complement 
fixation test with Ivmphogranuloma antigen, the results and technique were 
adjusted in an effort to set up conditions which would permit the detection ot 
antibody in weakly reactive Ivmphogranulomatous sera. With the method 
adopted, specific fixation was obtained with the sera of 98.6 per cent of 149 
clinically Ilvmphogranulomatous, Frei-positive patients. In eleven of these the 
titer was only 6, and if the lowest initial dilution of serum tested had been 1:5 
instead of 1:2, the demonstration of antibody would have failed. The im 
portance of employing low as well as-high dilutions of serum is thus evident 
although Dulaney and Packer.*’ who in 97 per cent of their series of thirty-thre: 
clinically lyvmphogranulomatous patients obtained fixation with Lygranum it 
initial serum dilutions of 1:40 or greater, feel that a 1:20 dilution (correspond 
ing to our titer of 60) should be considered as the lower limit for good serologi 
evidence of infection with the causative virus. 

Several other workers have reported the results of complement fixation studies wit 


Lygranum. Using a method similar to ours, Levine, Holder, and Bullowa24 obtained fixatio 
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with the sera of each of eleven known Jymphogranulomatous patients and with the sera of 


eighteen other patients without overt Ivmphogranuloma venereum who yielded positive or 


doubtful Frei tests. Blair25 similarly obtained fixation with the sera of four patients show 
ing clinically characteristic lymphogranuloma and thirteen other patients without history of 
the disease who had positive Frei reactions. A less favorable report was published by Knott 
and co-workers26 who obtained positive tests by complement fixation in 75 per cent of a group 


of thirty-one patients diagnosed clinically as Iymphogranulomatous. From their data it 


is doubtful whether all of the cases in the group represented true lymphogranulomatous 


infection, Only 84 per cent of their patients gave positive Frei tests and 45 per cent showed 


positive Ito-Reenstierna tests; in some of the patients the duration of the lesions was only 


three days. Also contributory to the failure of Knott and associates to obtain a higher 


percentage of positive results may be the fact that in their serologic tests complement was 


used at 1:10 dilution, a concentrition two to three times greater than that which we em 


ployed, Which might well reduce tlie sensitivity ot the test so that it would fail to detect 
weakly reactive sera such as we found in 7.4 per cent of our lymphogranulomatous series. 
Howard and co-workers2? tested seventy-six patients with positive Frei reactions; the 


sera of seventeen gave negative complement fixation tests. The authors state that in this 


group ‘*. . .. in most instances there was a history suggesting infection with lympho 


eranuloma venereum in the remote past there was no clinical evidence of infection at 
the time the tests were made; the details 
if the serologic technique employed in their study are not stated, making it difficult to evalu 
ate the sensitivity of the method. 


skin sensitivity alone remained.’’ Unfortunately 


( 


Recently Florman?s has published the results of a series of tests with Lygranum anti 


gen, employing a modified micro-Kolmer hemolytic system. His data indicate that this 


method was relatively insensitive for detecting weakly reacting sera, since in a series of 


parallel determinations on twelve sera he obtained nine positives using the method we have 


recommended, while only seven showed fixation when tested by his routine technique. Further 


more, in a group of eighteen patients with positive or doubtful Frei tests he obtained only 
eight positives by complement fixation, a far smaller proportion than that obtained by any 
f the others who have compared the cutaneous and serologic tests. 


2 Correlation of Complement FPiration Titer and Serum Protein Levels 
i Persons With Lymphogranuloma.—Nicolas-Favre disease is frequently ae- 
companied by the development of hyperglobulinemia and it has been sue- 
vested®® that this might be due to the increased production of specific anti- 
bodies. So far no direct experimental evidence has been obtained in support of 
the hypothesis, since the sera of Iwmphogranulomatous patients usually exhibit 
only slight virus-neutralizing properties which make quantitative evaluation 
ifficult. It is conceivable, however, that the increased globulin values seen in 
vinphogranuloma reflect the production of considerable amounts of antibody 
vhich react in the complement fixation test but are not effective in virus neu- 
ralization. An opportunity to examine the problem from this angle was 
forded by Dr. Marion Howard, who furnished a number of such sera together 
ith data on their values for globulin and their albumin: globulin” ratios. 
ible IL summarizes the results of our complement fixation tests on a group 
sera which were tested within a few months of their collection from the pa- 
nts, together with Dr. Howard’s data on the protein values. We have not 
‘luded the data on several other sera which were tested after two or more 
irs’ storage in the refrigerator. 
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TABLE IT, LYGRANUM COMPLEMENT FIXATION TITERS AND PROTEIN VALUES OF 
LYMPHOGRANULOMATOUS SERA 


COMPLEMENT 


FIXATION ALBUMIN : 
PATIENT TITER GLOBULIN GLOBULIN 
L. V. Neg. 2.36 
TS es 6 1.8 
L. DeL. 6 1.56 
i . 6 1.6 
W. C. 15 1.43 
C. H. 15 1.8 
Ae iD 1.8 
W. P. 15 1.6 
H. M. 30 1.39 
E. R. 30 1.20 
W. M. 60 2.0 
A Jae ok 60 1.52 
M. M. 120 1.34 
A. F. 120 0.9 
A. C. 240) 0.64 
F. S. 960 0.72 





It was found that the globulin values showed little deviation from the 
normal range in those patients whose sera had only low complement-fixing titers 
(6 to 15), whereas in six of eight patients with serum titers of 30 or greater, 
the globulin content was above 3 Gm. per 100 ml. serum; the maximum globulin 
values were obtained with sera which showed high complement-fixing activity. 
Our limited data, therefore, indicate positive correlation between elevation of 
the serum globulin and the titer of complement-fixing antibody versus lympho 
granuloma antigen in patients with Nicolas-Favre disease. 

3. Tests on Sera from Persons Infected with Certain Viruses Related to 
the Agent of Lymphogranuloma Venereum.—Data previously published’? 
showed that the sera of patients with trachoma fixed complement specifically in 
the presence of lymphogranuloma virus antigens. We have now had the oppor 
tunity, through Dr. Phillips Thygeson, to test sera from thirty trachomatous 
individuals. Five of the sera were anticomplementary due to prolonged storage 
before testing; another patient’s serum gave nonspecific fixation with normal 
yolk sae control material. Twenty-one of the remaining twenty-four sera fixed 
complement specifically in the presence of lymphogranuloma antigens prepared 
from elementary body suspensions sedimented by high-speed centrifugation, or 
the soluble antigen obtained in Seitz filtrates, or both. The titers were usual] 
low and more readily demonstrable by fixation overnight in the refrigerator 
Complement fixation was demonstrable with the sera from three of four pa 
tients who had shown clinical healing under the influence of sulfonamide ther 
apy. Despite the presence of complement-fixing antibodies in their sera tl! 
rei test was uniformly negative whenever performed on trachomatous patients. 

Sera from seven patients with psittacosis were obtained through Dr. K. F. 
Meyer,* who also furnished the results of complement fixation tests carried out 
with psittacosis antigen in his laboratory. Each of the sera showed strong 
complement fixation with Lygranum antigen, our titers ranging from 120 to 
1920.7* 


*The Hooper Foundation, San Francisco, Calif. 
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Complement fixation with both lymphogranuloma and psittacosis antigens 
was also demonstrable with each of the sera from seven patients with virus 
pneumonitis which was presumed or proved due to an agent related to the 
meningopneumonitis virus of Francis and Magill.°° Six of these sera'® were 
obtained from Dr. M. D. Eaton;* the seventh specimen was furnished by Dr. 
John H. Dingle.t These seven sera gave titers ranging from 6 to 60 when 
tested with Lygranum. 

Through Dr. Thomas P. Magilli sera were also obtained from eleven  pa- 
tients with ‘‘atypical pneumonia’’ where there was no evidence to incriminate 
as etiologic agents any members of the psittacosis-lymphogranuloma group of 
viruses. None of these sera gave fixation with Lygranum. 

Discussion: Complement fixation tests on the sera of patients infected with 
various viruses of the psittacosis-lymphogranuloma group have shown that these 
agents must share a common antigenic factor which stimulates the production 
of antibodies responsible for cross reactions within the group. The definite, 
albeit weak, reactions we observed when trachomatous sera were tested with 
lymphogranuloma antigen served to re-emphasize the close biologie relation- 
ship between these two etiologic agents which was previously predicated on the 
basis of striking similarities in morphology, staining, intracytoplasmie growth, 
and other characteristics. Unfortunately, trachoma viral antigen was not avail- 
able for reciprocal tests with lymphogranulomatous sera. 

Cross reactions of high titer have been demonstrated repeated- 


1S, 14D, 19, 17¢, 24 for human psittacotic and lymphogranulomatous sera not only 


ly 
when they are tested with antigens from either of these viruses, but also in the 
presence of antigens derived from the viruses of meningopneumonitis®® and 
mouse pneumonitis.*! Differences have been noted in the titers of individual 
sera versus the respective viral antigens used for testing, but these may have 
been due, in part at least, to varying potency of the antigens and to differences 
in the techniques of testing employed in the several laboratories. Smadel, 
Wertman, and Reagan'*® have shown in this connection that the sera of pa- 
tients with either psittacosis or lymphogranuloma venereum usually give com- 
plement fixation to approximately the same titer when tested simultaneously 
with standardized antigen from the heterologous or homologous virus. 


The sera of various animal species infected or immunized with members of the psitta- 
sis-lymphogranuloma group of agents show differing degrees of specificity in complement 
fixation tests with the several viral antigens. The situation is not entirely clear in regard 
the serologic response of pigeons, which often acquire ornithosis naturally.32a Although 
» sera of birds convalescent from enzootic or epizootic ornithosis have been reported not 
‘o give fixation with Lygranum,14», 82b two of three pigeon sera sent us by Dr. K. F. Meyer 
l, in fact, give strong fixation with this antigen (titers 120 and 480, respectively). 
irther, Beck and co-workers15> found in three of four pigeons infected with the S-F strain 
human pneumonitis virus a slight rise in antibodies to lymphogranuloma venereum antigen. 
Several serologic studies have been carried out among persons with pneumonitis or 
ypical pneumonia where no direct contact with infected birds was known. Eaton and 
eagues investigated two groups of such cases. In one small series an agent related to 
*The California Department of Health, Berkeley, Calif. 
+The Thorndike Laboratory, Boston City Hospital, Boston, Mass. 
fCornell University Medical College, New York, N. Y. 
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the viruses of meningopneumonitis and psittacosis was incriminated as etiologic agent.$8a 
These patients all showed antibodies reacting indiscriminately with psittacosis, meningopneu 
monitis, lymphogranuloma, and mouse pneumonitis antigens; in several instances the develop 
ment of a rise in titer for these antigens during the course of the illness was demon 
strated.t44a It may be noted here that in the case of another member of the psittacosi 
Ivmphogranuloma group of Viruses, namely, that causing an epidemic of severe pneumonitis 
in the bayou region of Louisiana, serum specimens from a few patients who had been in 
fected showed fixation not only with antigen from the specihe etiologic agent, but also with 
preparations from other viruses in the related group. In a second, larger series of cuses 
of pneumonitis of unknown etiology which were studied by Eaton and Corey the sera of 
roughly 10 per cent of the patients showed a fourfold or greater increase in titer” versus 
these antigens during convalescence when compared with samples collected during the acute 


phase.14« Smadeli4e examined the sera of forty-five cases of atvpieal pneumonta drawn trou 


several large urban centers of eastern United States. Ten censes were believed t he due to 
psittacosis; five other causes were considered on the basis of complement fixation tests pos 
sibly to be ot psitiacotic origin, but the sera of these patients showed no significant mecrease 


in titer during the course of recovery from the disease. 


Dingle and associates,4 in their extensive studies on atypical pneumonia, encountered 
siX patients with respiratory disease from whom strains of virus resembling the agent of 


meningopneumonitis were isolated in the laboratory of Dr. Thomas Francis, Jr. During 


the course of illness none of these six showed any rise mn the titer o antibodies reacting 
with the agent of meningopneumonitis, whereas five other patients with respiratory infec 
tions, of whom only one showed atypical pneumonia, developed a fourtold or greater 
crease in serum titer during the course of illness. Complement fixation tests versus meningy 
pneumonitis antigen were then carried out on the sera of a large group of well soldiers an 
patients with various respiratory infections. While positive reactions were only infrequent] 
encountered among the sera from white donors, there was an appreciable concentration of 
positive reactions among the Negro group, irrespective of history of respiratory disease 01 
evidence of atypical pneumonia, Since the Negroes were drawn chiefly from the Sout: 
where the incidence of lymphogranuloma is known to be high, it was suspected that the inci 
dence ot positive reactors among then might be due to crossreactions resulting from infec 
tion with Ivmphogranuloma virus. 

Thomas and co-workers®> made the observation that in persons with atypical pneu 
monia of unknown etiology sera taken during the convalescent pliase frequently showed cor 
siderable complement-fixing activity versus crude mouse lung suspensions infected with an, 
of several dissimilar viruses, including members of the psittacosis-lvmphogranuloma group 
These sera also reacted, although to a lesser extent, with similarly prepared suspensions oft 


normal lungs from human beings and from mice and other laboratory animals, and wit! 


normal chick yolk sac. Acute phase sera from the same patients showed much less reactivity 
It is interesting that the convalescent sern did not react with antigen of psittacosis virus 
propagated in tissue culture. The capacity to react with dissimilar antigens could be reduced 
by merely heating the sera to 60 to 65° C. or by absorption with normal mouse lung. The 


antigenic component responsible for fixation with atypieal pneumonia sera Was associate 
with large particles contained in the crude lung suspensions, since it) could be reduced  b 


centrifugation, 


From the foregoing we conclude that: (1) antibodies reacting with Lyera 
num are usually demonstrable in the sera of nonlymphogranulomatous persons 
who are known or presumed to be infected with any one of the several othe 
members of the group of related viruses; (2) in sera from cases of atypica 
pneumonia « 


f unknown etiology, fixation versus Ivmphogranuloma virus is 01 
dinarily lacking if infection with viruses of the psittacosis-lymphogranulom 
group can be excluded or is highly unlikely; (3) In some cases of atyplea 


*University of Michigan 
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pneumonia there develop during convalescence substances which react more or 
less nonspecifically with certain tissue components from uninfected or virus- 
infected lung or other tissue. These latter reactions can frequently be distin- 
guished from specific fixation occurring with virus antigens through the use of 
control antigens prepared With normal tissue ; thes can also be reduced or 
eliminated by preliminary heating of the sera to 60 or 65° C., as we have done. 


1 Tests on Persons With Evidence of Syphilis. Complement fixation tests 
with Lygranum were performed on the sera of 131 individuals having evidence 
of syphilis, Some of the sera were specimens collected for routine premarital 
examinations; a large proportion was collected from patients attending venereal 
disease clinies. Various stages of syphilis were represented including latent, 
primary, secondary, and neurosyphilis. In thirty-four of the patients the svph- 


ilitie infection was coneenital. Table TI} summarizes the results of the tests. 


*ABLI rit. Pye AN \ (C‘OMPLEMED IXATION TES CCN SI} \ OF >} SONS WHITH 
EVIDENGCI S\ ILIS 

w ‘ 0 Y¢ 1 co EMEN \ rION 
INF} ( ~ ) ON \ ( IV} ONSPECIFIE 
Congenital od 2 mt 0 

\ quired Q7 oY () S 
‘These patients were Frei-positive, married, white women. 

Thirty of these patients were also Frei teste ill gave negative re tions 


In sharp contrast to the low incidence of positive seroloele or cutaneous 
reactions with Lygranum among those with congenital syphilis are the find- 
ing’s in the group ot individuals whose syphilitic infection was otherwise aeé- 
quired. Forty-five of these ninety-seven were also given Frei tests. The find- 
Ines are given in Table TV. 


TABLE 1\ 
LYGRANUM FREI \ MBI IN 

COMPLEMEN FINATION REACTION GROUP 

Pos Pos. 10 

Pos, Doubt. 3 

Pos. Neg. 1S 

Neg. Neg. 7 

Nonsp. Neg. 6 

Neg. Nonsp. ] 


Thirteen (29 per cent) of the forty-five persons with svphilis of noneon- 
-enital Orley vielded positive or doubtful Frei tests: the sera of all thirteen 
xed complement specifically in the presence of Lygranim. These individuals 
neluded five white women, five Negro men, and three Negro women; from 
lone of them was a history of overt lymphogranuloma elicited and on examina- 
lon they were asymptomatic. An additional 38 per cent of the group of forty- 
ive gave positive complement fixation with Lygranum despite negative Frei 


CSTS, 


It may be noted that the sera of eigl 


t patients with acquired syphilis 
howed equal fixation with normal volk sae material and with Lygranum anti- 


zen. The significance of the various findings in the patients with syphilis as 
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well as in those with other genitoinfectious diseases will be discussed following 
the presentation of the experimental data in the next section. 

5. Tests on Sera of Persons With Genitoinfectious Diseases Other Than 
Syphilis —Complement fixation tests with lymphogranuloma antigen were per- 
formed on a limited number of sera from persons in this category, the results 
being summarized in Table V. 


TABLE V. LYGRANUM COMPLEMENT FIXATION TESTS ON SERA OF PERSONS WITH GENITO 
INFECTIOUS DISEASES OTHER THAN SYPHILIS 


NUMBER NUMBER 
DISEASE TESTED POSITIVI 
Gonorrhea 
Vaginitis of childhood 5 0 
Venereally acquired 19 y 
Chaneroid 6 3 


It will be seen that roughly the same proportion of sera from persons with 
venereaily acquired gonorrhea or chancroid were positive versus lymphogranu 
loma antigen as was found for the group of syphilitic patients with aequired 
infection. Similarly, the failure to obtain fixation with the sera of children 
showing gonococcal vaginitis corresponds with the findings in the congenital 
syphilitic group. Frei tests were performed on the patients with chaneroid ; 
one of the three whose sera showed fixation also manifested a positive cutaneous 
response. 

Discussion: The foregoing findings among the patients with syphilis and 
other genitoinfectious diseases are of considerable interest. Although 61 per 
cent of the group of ninety-seven with aequired syphilis gave positive serologic 
reactions with Lygranum, many of the members of the group tested were pa- 
tients coming to venereal disease clinics, and we do not consider that this figure 
necessarily reflects accurately the incidence which one should expect to en 
counter elsewhere in large-scale tests on the general population. As reported 


t 


previously,’'? among the Negroes of the group the incidence was considerably 
higher in respect to positive reactions with Lygranum in both the cutaneous 
and complement fixation tests. In the work of Dulaney and Packer®* it was 
noted similarly that among twenty-two Negro children with congenital syphilis 
no positive complement fixation reactions with Lygranum were obtained, where 
as with sera from adults with neurosyphilis this serologic test was frequently 
positive and again the incidence of such reactions was definitely higher among 
Negroes than among whites. 


Knott and colleagues26 have also reported the study of a group of patients with early 
clinical syphilis, chiefly Negroes, attending the venereal disease clinic at the Johns Hopkins 
Hospital. Forty-three of the seventy-eight cases were given cutaneous tests with human 
Frei antigen; thirteen responded with positive or doubtful reactions. This is in surprisingly 
close agreement with our findings of thirteen positive or doubtful cutaneous reactions among 
forty-five syphilitic patients tested with Lygranum. Twenty-three of seventy-eight in the 
Johns Hopkins series gave complement fixation with Lygranum only; an additional thirty 
four showed fixation with normal yolk sac material as well as with Lygranum. The Baltimore 
workers regarded as positive results all complement fixation reactions occurring with Lygra 
num, even when the same serum reacted equally with normal yolk sac control material. We, 
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on the contrary, have emphasized from the outset the difficulty of reaching any valid decision 
as to the specificity of a Lygranum complement fixation test when there is equal degree of 
fixation with the normal yolk sae control. We have considered the combined reactions as 
nonspecific since they are in most instances due to yolk material not removed during the 
preparation of the viral antigen; it is known, for example, that yolk lipids enhance the 
sensitivity of serologic reactions used in the diagnosis of syphilis. Our own data have in- 
cluded as positive reactions only those where fixation with lymphogranuloma virus antigen 
was marked and the reaction with yolk sae control material was entirely lacking or minimal. 
More recently it has been shown17e that many of the nonspecific reactions obtained with 
syphilitic sera can be eliminated through the use of antigen preparations treated with phenol 
and/or boiling. 

Knott and co-workers26 found that for syphilitic sera showing fixation with normal yolk 
sac material as well as with Lygranum antigen, absorption with Eagle flocculating antigen 
in many instances removed the reactivity versus both normal yolk sae control and viral anti- 
gens. A similar reduction in some cases followed antisyphilitic therapy; in other patients 
whose sera showed reactivity to both Lygranum and normal yolk sae control, antisyphilitic 
treatment was followed by a reduction in titer versus the control antigen while the titer 
versus Lygranum persisted. These results lend emphasis to our views as to the difficulty 
of assessing the specificity of fixation with Lygranum when the reaction with normal yolk 
sac material is also positive. Further, in certain syphilitic patients showing serologic reac- 
tivity versus Lygranum but not versus the control material, Knott and associates26 observed 
that antisyphilitic treatment did not reduce the reactivity to Lygranum, nor did absorption 
with Eagle flocculating antigen remove the property from the serum. (See also11b, 23,) 
They believed that in these latter cases at least part of the original reaction was due to 
specific antibody versus the virus, indicating lymphogranulomatous infection. They suggested 
that the results of Lygranum complement fixation in syphilitic patients could be evaluated 
best by repeated tests during the course of antisyphilitic treatment. 

The Baltimore investigators were doubtful of the specificity of complement fixation with 
Lygranum because of the large number of positive tests they obtained with sera of patients 
viving no history or signs of overt lymphogranuloma. Koteen37 has pointed out, however, 
that factual data are difficult to obtain from Negroes coming to a venereal disease clinic 
because these patients are prone to overlook small and painless lesions; negative histories 
therefore must be regarded with suspicion. Despite this, it may be noted that among thirty 
four syphilitic patients of whom specific inquiry was made by Knott and colleagues, sixteen 
vave a history of previous genital lesions which might have been lymphogranulomatous. 

Beeson and Miller’8 have recently made an important contribution to our understanding 

of the problem. They carried out Kahn and Lygranum complement fixation tests on 879 
sera from an unselected group of white and Negro patients attending outpatient clinics at 
the Grady Hospital in Atlanta, Ga. The results were analyzed according to race, age, and 
sex. Among adult Negroes, the sera of approximately 40 per cent gave positive fixation 
vith Lygranum and the sera of 32 per cent yielded positive Kahn tests. Among adult whites, 
he sera of 12 per cent gave positive fixation with Lygranum and 9 per cent gave positive 
Kahn tests. The age distribution of donors with positive serologic reactions followed much 
the same pattern for the Kahn test as for fixation with Lygranum, with a sharp rise in 
ucidence after 14 years of age. The number of persons giving a positive test for one dis 
use and a negative test for the other was in all groups greater than the number giving posi- 
ive tests for both diseases. Furthermore, while 60 per cent of Negroes, both men and women, 
with positive Kahn gave positive Lygranum fixation, among the white patients with syph 
lis the sera of only 18 per cent of the men and 21 per cent of the women gave fixation with 
ygranum, a racial difference which would not be expected if syphilis were a frequent cause 
f false positive serologie tests for lymphogranuloma. Beeson and Miller considered it 
robable that the high incidence of positive tests with Lygranum in individuals with syphilis 
nd other venereal diseases is due to actual associated lymphogranuloma venereum infection, 
ven in the absence of clinical findings. 
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From the data and discussion just presented, it appears that patients with 
evidence of another venereally acquired venitoinfectious disease (whether this 
be syphilis, chancroid, or gonorrhea) frequently show positive cutaneous and. or 
serologic reactivity versus Lygranum. This is in sharp contrast to the low inci 
dence of reactions observed in patients who have acquired the same <liseases 
by nonvenereal means. We do not belteve that the high incidence of serologic 
reactions in persons with diseases of such (liverse etiology Is clue To honspecific 
factors but rather attribute the great bulk of the reactions to an antecedent or 
concomitant infection with Iwmphogranuloma virus even though overt clinical 
manifestations of the latter may be few or lacking unless very careful search 
is made. A small proportion of the serologic reactions observed among these 
patients mav, however, reflect a previous infection with some other member of 
the psittacosis-lymphogranuloma group. 

6. Tests on Sera From Persons With Miscellancous Re sprratory and Nou 
respiratory Infections —The data presented in the preceding sections have 
shown that complement fixation with Lygranum was exhibited by a high per 
centage of sera from (1) persons infected with agents of the Iwmphograntloma 
psittacosis group and (2) those with various infections of venereal origin. — It 
seemed desirable to examine the sera of persons suffering from infections witli 
agents unrelated to lymphogranuloma virus in which the likelihood of venereal 
acquisition was slight in order to determine the incidence of positive reactions 
in a contrasting group. 

Amone sixteen patients with clinically active tuberculosis, chiefly pul 
monary, the sera of only two were positive versus Lygranum. One of the posi 
tive specimens was from a patient with a history of several previous attacks 
of gonorrhea; nothing was known about the venereal history of the second pa 
tient. The remaining donors, whose sera vielded negative results, included two 
with tuberculous lesions of the perianal region and genitals, respectively. 

Among nine sera from patients with one of a variety of nontubereulous 
respiratory infections, none gave fixation with Lygranum. Similarly, in’ the 
eroup of eight patients listed as having various nonrespiratory infections, the 
complement fixation tests with Lygranum were uniformly negative (Table V1 

It is evident from the foregoing that neither the mere presence of an acute 
or chronic infectious process nor its localization in a site frequently affected by 
members of the psittacosis-lymphogranuloma group of viruses can be respon 
sible for the findings reported in Sections 1, 3, 4, and 5 of this paper. Our fail 
ure to obtain complement fixation with Iwmphogranuloma antigen among the 
sera from the group of patients with assorted respiratory infections (Table V1 
including atypical pneumonia of origin unrelated to the psittacosis-lvinphe 
granuloma group (see Section 38), is in contrast to the findings of Florman®> 
and Dulaney and Packer®* who did obtain reactions with Lyeranum C. EF. in 
tests on sera from patients with various respiratory infections. It is pos 
sible that the difference in results may be due to the fact that we employed 
antigens in which the virus was separated from the bulk of host tissue mate 


rials, whereas the commercially available Lygranum used by these workers was 
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less refined. As pointed out previously, Thomas and co-workers’ have shown 
that the sera of patients with atypical pneumonia have a tendeney to fix com 
plement in the presence of relatively erude suspensions of a variety of animal 
tissues. 


TABLE VI. LYGRANUM COMPLEMENT FIXATION TESTS ON SERA FROM PERSONS WITH 
CERTAIN NONVENEREAL INFECTIONS 


COMPLEMENT 


FIXATION 

PATIENT CLINICAL CONDITION TITER 
Wh. Upper respiratory infection (Acute) Neg. 
P.. 5. Upper respiratory infection (Convalescent Neg 
C. Upper respiratory infection (Convalescent ) Nee 
H. Pneumonia (Pn. type IX) (Acute) Nee. 
D. Pneumonia (Convalescent ) Neg. 
Meck, Pneumonia (Convalescent ) Neg. 
M. K. Pneumonia; pleurisy Neg. 
O. KR. Kmpyema Neg. 
Z. Lung Abscess Neg. 
M. Septicemia (Salmonella suispestifer ) Neg. 
F, Septicemia (Streptococcus hemolyticus ) Neg. 
P. Ervsipelas Nee. 
s. Osteomyelitis < 16 
J. 3B; Lymphocytic choriomeningitis <0 
a ? Meningitis Nee. 
i be ? Escherichia coli sepsis Neg. 
W. ? Dysentery Neg. 

*Titers reported signify that the specimens were anticomplementary at lower dilu- 


tions tested and negative at the titer indicated 


7. Tests on Sera From Persons With Certain Organic Diseases.—For addi- 
tional information as to the range of specificity of the complement fixation ob- 
tained with Lygranum, tests were made on the sera of patients with evidence of 
neoplasia or cardiovascular, renal, or hepatic damage. 

In the group of fourteen patients with neoplasia, the following manifesta- 
tions were included: carcinoma of stomach, 2; carcinoma of sigmoid colon, 1; 
carcinoma of rectum, 2; papilloma of rectum, 1; rectal polyp, 2; carcinoma of 
pancreas, 2; carcinoma of gall bladder, 1; carcinoma of prostate, 1; lymphoma, 
1; lymphosarcoma, 1.) On examination one serum was anticomplementary to 
igh titer; two other sera were anticomplementary at initial dilutions of 1:15 and 
l:o, respectively, but at higher dilutions gave no evidence of specific fixation. 
lhe only positive reactions (titers 15 and 6) were obtained with sera from two 
men who exhibited reetal carcinoma and rectal polyp, respectively. 

The fifteen patients with evidence of cardiovascular damage included indi- 
viduals with congenital heart disease, various degrees of arteriosclerosis, hyper- 
ension, rheumatic heart disease, or subacute bacterial endocarditis. Only one 

‘rin, taken from a patient with rheumatic heart disease who also had a his- 
rv of thyroidectomy, diabetes, and postoperative tetanus, was positive and 
his solely at the lowest dilution tested (titer 6). 

Among ten patients with evidence of kidney damage, including glomerulo- 

phritis, pyelonephritis, nephrosis, horseshoe kidney, pyelitis, staghorn ¢al- 
lus, or sulf- and methemoglobinuria, none of the sera showed specific fixa- 


n with Lyeranum, 








1074 SHAFFER AND RAKI 





On the other hand, in a group of twenty patients with liver damage, in 


most of whom a diagnosis of cirrhosis was made, the sera of eight individuals 






gave definite fixation with titers ranging from 6 to 60 (Table VII). 
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EVIDENCE 
OF 
VENEREAI 
DISEASI 


COMPLIMEN' 
FIXATION 
TITER 











FREI 
REACTION 















PATIENT CLINICAL CONDITION 







































G. Cirrhosis Neg. Neg 15 

N. C. Cirrhosis Neg. Neg. 60 

D. Cirrhosis Neg. 

G. Cirrhosis Neg. 

J. Cirrhosis Neg. 

K. Cirrhosis Neg 15 

iS. Ds. Cirrhosis Neg Neg. 15 

P. Cirrhosis <i 

E.S. Cirrhosis Neg Neg 

Le Cirrhosis 15 

a ae Cirrhosis; arteriosclerosis; heart Neg 15 
disease 

W. ¢ Cirrhosis; nontoxic thyroid ade Neg Neg 
noma 

G. Cirrhosis; pneumonia Pn. type Neg. 15 
VII) 

C. M. Cirrhosis; generalized arterio Neg. Neg 6 
sclerosis: mild diabetes 

E. O. Cirrhosis; bronchopneumonia Syph. Neg 15 

R. C. ? Cirrhosis; jaundice Neg. 15 

H. G. ? Acute yellow atrophy or cir 20) 
rhosis; thyrotoxicosis 

R. G. Miliary cirrhosis Neg. Neg, 15 

J.B.e. Postinfectious streptococcal hepa Neg. Neg eis 
titis 

R. L. K. Hepatitis (? posttvphoidal) Neg. Neg 


Discussion: The examination of sera from persons with cardiovascular or 
renal disease or neoplasia offered little or no evidence that complement-fixing 
antibodies versus Lygranum are developed as a result of any of these conditions 
per se. The positive reactions obtained with an appreciable proportion of sera 
from individuals showing signs of liver damage and with no overt evidence o! 
lymphogranulomatous infection were at first rather surprising. The nature o! 
these reactions is still not clear, and we are not in a position to draw any 
definite conclusion as to the antecedent history of the patients which might be 
responsible for this behavior of the sera. It is well known that increased globu 
lin and decreased albumin levels may be encountered in hepatic cirrhosis, so 
might be assumed that the complement-fixing reactivity of the sera with Ly 
granum is due to physiologic changes which are of an immunologically nor 
specific character. There is also the possibility that some of the positive econ 
plement fixation reactions in this group of patients may indicate infection wit! 
some, perhaps as yet unrecognized, virus related antigenically to the members 
of the psittacosis-lymphogranuloma group of agents which may result in liver 
damage simulating that of cirrhosis. 




















LYMPHOGRANULOMA VENEREUM AND COMPLEMENT FIXATION TEST L075 


Certain recent observations?® are of interest in this connection. It has been possible 
to show that when mice are inoculated intravenously with a sufficiently large dose of the 
agent of mouse pneumonitis (Nigg), most of the animals will die within three or four hours. 
With smaller doses, however, life may be prolonged for as long as a week or more. Many 
of these mice become bloated and at autopsy show generalized edema, ascites, and pleural 
effusion as well as microscopic changes of early cirrhosis in the liver. Other observations 
given in the afore-mentioned studies39 and elsewhere4? have shown that all of the toxins of 
the psittacosis-lymphogranuloma group of agents cause damage to the liver cells in particu 
lar. This would support the view that some cases of human cirrhosis may be due, in part 
at least, to infection with an agent belonging to this group. (See also 41,42) Since most 
instances of cirrhosis, however, are undoubtedly due to other causes, the negative serologic 


findings with the majority of cirrhotie sera are readily explained. 
8. Tests on Sera From Laboratory Personnel.—As part of our control 
series we have tested the sera of thirty-two laboratory workers, chiefly from 


New Brunswick personnel; the results are summarized in Table VIII. 


TABLE VIII. LYGRANUM COMPLEMENT FIXATION TESTS ON SERA OF LABORATORY PERSONNE! 


NUMBER OF FREI 
HISTORY OF PERSONS COMPLEMENT FIXATION REACTION 
LYMPHOGRANULOMA VENEREUM TESTED | POS. NEG. NONSP. POS. 
Negative 28 0 27 = 
Equivoeal ] l 0 0 ] 
Laboratory infection 5 ao 0 0 5 


*The sera of two of these workers, taken before the known infection, had been negative. 


Sera from five cases of undoubted laboratory infection were examined. 
One was from a worker in another laboratory who developed lymphogranulom- 
atous ophthalmitis**; his serum gave definite fixation with Lygranum antigen 
to a titer of 60. Two New Brunswick workers contracted the disease during the 
course of intensive animal experimentation with highly infectious material." 
In each, the complement fixation titer of the serum rose markedly and subsided 
only very gradually despite the rapid alleviation of clinical signs and symptoms 
as a result of sulfathiazole therapy. The strongly positive Frei reactions which 
both workers showed in the early stages of their illness diminished in intensity 
luring the year subsequent to infection, as shown by repeated tests during this 
period. Still another member of the New Brunswick personnel who was ex- 
posed to very infectious material during the frequent handling of glassware 
ontaining lymphogranuloma virus developed fever, general malaise, and pain 
n the region of the left shoulder due presumably to loeal adenopathy. In this 

se also, the Frei and complement fixation tests were strongly positive serum 
iter 480) and administration of sulfathiazole resulted in the clearing of the 
eneral and local malaise. In the fifth individual the presence of lymphogranu- 
ia was undiagnosed until routine complement fixation tests on the laboratory 
‘sonnel revealed that his serum was strongly positive versus Lygranum. He 

| assisted in the care of lymphogranulomatous mice for several months and 
discovered to have a history compatible with that of recent accidental 
ection ineluding the development of minor herpetiform lesions on the back of 

one hand together with general malaise, slight fever, and headache over a 
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period of several weeks. His condition showed marked amelioration following 
treatment with sulfathiazole per os. 

Discussion: Krom the foregoing observations of laboratory workers we con- 
clude that the sera of persons in whom the likelihood of infection with agents of 


the lymphogranuloma-psittacosis group is minimal rarely contain complement- 


fixing antibodies versus Lygranum antigen. Knott and c¢o-workers*® obtained 


similar results on testing twenty white members of the hospital staff personnel 
as controls in their study; all of these gave negative reactions to the cutaneous 
and serologic tests with Lygranum. 

On the other hand, cases of laboratory infection with Ivmphogranuloma 
virus, even though acquired bv routes and modes other than those usual for 
this disease, not only become Frei positive, but also develop complement-fixing 
antibodies early in the course of ilness, sometimes within a week after the on 
set; these may persist in the serum for over two vears, although with the cessa 
tion of clinical activity and the possible elimination of the incitant as a result 
of intensive therapy with drugs of the sulfonamide group, the antibody titer 
tends to diminish and the Frei reaction may become completely negative again 
In patients with early manifestations of the naturally acquired disease, simila 
reversal of the Frei reaction as a result of vigorous sulfonamide chemotherapy 


7, 44 


has been reported by others," although it does not commonly occur. 


It may be pointed out that, as in the natural disease, laboratory infections with the 
virus of lymphogranuloma may vary widely in clinical manifestations. Some are mild45 and 
would be unnoticed unless a Frei or complement fixation test were performed, while others 
may present signs of acute systemic disease.’ It would seem a highly desirable precautio1 
that individuals working intensively with the agent should perform complement fixation 


tests on their own sera at frequent intervals to check on the possibility of infection. 


9. Tests on Sera From Persons With Genitornguinal or Lower Bowel Li 
sions of Questionable Origin.—In the course of this study there was opportun 
itv to investigate the value of the complement fixation test in affording evi 
dence to confirm or exclude the diagnosis of probable infection with the agent o 
lymphogranuloma venereum in: (1) patients with genitoinguinal lesions con 
patible with those of early Ivmphogranuloma but in whom the Frei test was 
not definitely positive; (2) patients with genitoinguinal lesions of questio1 
able origin but with positive Frei reaction; (3) patients with genitoinguina 
lesions of questionable origin and negative Frei reaction. From Table LX 
may be seen that in the small number of cases tested, complement fixation wit 
Lygranum was regularly obtained with the sera of patients in the first tv 
eroups but with only certain sera from patients in the third group. In tl 
latter group the positive results were obtained in those patients whose histo: 
and signs suggested the possibility of previous lymphogranulomatous infectio 

In Table X are summarized the data on seventeen patients, each of who 
presented one of a variety of lower bowel lesions of questionable origin. Ty 
patients showed positive or doubtful Frei reactions, and the sera of both ga 
fixation with Lygranum. Among the remaining fifteen patients, the sera of on 
four yielded positive reactions. As might be expected, this incidence is ¢ 
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siderably lower than was observed with the sera of persons who showed bowe! 


lesions regarded clinically as Ivmphogranulomatous and who also yielded posi 


tive Frei reactions (see Table | 


TABLE [X.) LYGRANUM COMPLEMENT FIXATION TESTS ON SERA FROM PERSONS WITH 
GENITOINGUINAL LESIONS OF QUESTIONABLE ORIGIN 


EVIDENCI 
OF COMPLI 
OTHER VI MEN'I 
NEREAL FREI FIXATION 
GROUP] PATIENT |RACE| SEX LESIONS PRESENTED DISEASE | REACTION] TITER 
(55 W ik Inguinal adenopathy, recent Nee. Neg. 120 
J. G. W M Inguinal adenopathy, recent Nee. Neg. 6 
plus penile lesion 
FT A. i W M Inguinal adenopathy, recent Syph. Doubt. 120 
R; Gh. W M Inguinal adenopathy plus Ducrey Neg. 60 
penile lesion test 
Pos. 
R.B. W I" Hard mass in pelvis; ? fibrotic Nee. Pos. 0) 
Ivmph nodes 
Cu N M Mass in right seminal vesicle, Syph Pos. ih 
) reduced with sulfathiazole 
c;, Gi. \W M Fibrosis of corpora cavernosa (ronor. Pos. 0 
M. J. N F Bartholin’s abseess Syph. Pos. 120 
ye ie W M Balanitis Neg. Pos. 0) 
W. W. W M Nodule in serotum Neg. Pos. 6 
L. B. W Kr ‘* Spot on womb’’ Neg. Neg. 
Re. lb. W 1 Acanthosis of vulva Neg. Neg. < 60 
V.M. N KF Uleerating lesion of vulva: Neg. Neg. 15 
improved with sulfanilamide 
M. M. W M Right inguinal sear and sinus; Neg. Neg. Neg. 
scrotal swelling 
0: W M History of inguinal adenopathy ; Neo. Neg. 6 
nlass between rectum and 
peritoneum 
LS. x M Old inguinal sears Syph. Neg. 6 


“ABLE NX. LYGRANUM COMPLEMENT FIXATION TESTS ON SERA FROM PERSONS WITILT LOWER 
BOWEL LESIONS OF QUESTIONABLE ORIGIN 


COMPLI 

MEN'I 
FREI FIXATION 

-ATIENT RACH SEX CLINICAL CONDITION REACTION | TITER 
bo a3, W M Uleerative colitis Neg. 6 
N. - - Ulcerative colitis Neg. 
S. W M Ulcerative colitis Neg. 
V. W M Uleerative colitis Neg Neg. 
E. W M Stricture from hemorrhoideetomy Neg. Neg. 

M. OB. Ww M Stricture from hemorrhoideetomy Neg. Neg. 
‘x. W M Rectal stricture Neg. Neg. 
Ate W M Rectal stricture Neg. Neg. 
I. W M Pruritus ani Neg. Neg. 
H. W M Pruritus ani Neg. j 
Laos W I" Fissure in ano Neg. Neg 
W. W M Perianal fissure Neg. 120 
i W M Fistula in ano Neg. 6 
M. W I Rectal nodule Neg. Neg 
Y x M Rectal polyp with histologie  pie- Doubt. 320 

ture of lymphogranuloma 
K. W M ? Carcinoma of rectum in 1932; Pos. 60 


no recurrence after abdomino 
perineal resection 
G, W F Lymphocytic granuloma of reetum Neg. Neg. 
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Discussion: The limited data presented in this section indicate that the 
complement fixation test with Lygranum may be of definite aid in the estab 
lishment of an etiologic diagnosis in certain cases of genitoinguinal or lower 
bowel disease where the lack of a positive Frei reaction or the character of the 
lesions raises some doubt as to their lymphogranulomatous nature. In such 
cases repeatedly negative serologic tests would make infection with the agent of 
Nicolas-Favre disease seem highly unlikely, while positive tests are suggestive 
of an infection with some member of the lymphogranuloma-psittacosis group 
of agents and call for further study of the patient, including repeated Frei 
tests. It has been observed that the latter may subsequently become positive, 
thus confirming the earlier serologic findings. 

10. Tests on Sera From Persons With Urogenital Lesions of Questionable 
Origin.—In Table XI are presented data concerning the findings in a group of 


TABLE XI. LYGRANUM COMPLEMENT FIXATION TESTS ON SERA FROM PERSONS WITH URO 
GENITAL LESIONS OF QUESTIONABLE ORIGIN 


EVIDENCH COMPLI 
OF OTHER MEN 
VENEREAI FREI FIXATION 
PATIENT RACH CLINICAL CONDITION DISEASI CEACTION rITER 
NN. D. W Trethritis Neg, Neg. iB 
M. F. W Trethritis Neg. Neg. Neg. 
G. W 
R. Y 


C.s 


Trethritis Neg. Pos. 30 


| 

[ 

{ 

Urethritis Neg. Pos. 20) 
Urethritis Neg. Pos. 6 
l 
[ 
[ 


Trethritis and cystitis Neg. Neg. 6 
R. Trethritis and cystitis Neg. Pos. 15 
FE. W. } Trethral stricture Neg. Neg. 
J.D. , I Urethral stricture, prostatitis Neg. Doubt 6 
and periurethral abscess 
as } Urethral stricture and prostatitis Neg. Neg. 
HN. j ] Urethral stricture and careinoma Gonor, Neg. 


H. 


Ss. 
S. 
ts 


of prostate 
Urethral fistula 
Prostatic hypertrophy 
Cystitis 
Cystitis 
Cystitis 
Cystitis 
Cystitis Gonor. 
Cystitis Neg. 
Cystitis Neo. 
Cystitis Neg. 
Cystitis Neg. 
Cystitis Neg. 
Cystitis Neg. 
a 
( 
( 
( 
( 
( 
( 
( 
( 


vA 


4 


‘ystitis Neg. 


aR 8 


7, 


‘ystitis Nes 


y 
=" 
Oo 


‘ystitis Ne 


7S FG 72 T2 7o 09 99 94 99 9 


Z, 


‘ystitis Neg. 
‘vstitis Gonor. Pos. 


BSS 
t 


‘ystitis N og, Pos. 
‘ystitis Neg. Doubt. 
‘ystitis Neg. Neg. 
‘ystitis Neg. Neg. 
Neurogenie bladder Syph. Doubt. 
Hunner’s ulcer of bladder Neg. Neg. 
Hunner’s ulcer of bladder Neg. Pos. 
Hematuria Neg. Neg. 
Hematuria 
Congenital vesicorectal fistula 


oa 


ARF: 


| 
. aah 6 
_ 
> 
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patients with urogenital lesions of questionable origin. Of eleven persons with 
urethral disease but with no evidence of infection by other venereal agents, four 
who gave positive Frei reactions and one with a doubtful Frei reaction also 
showed serum antibodies reacting with Lygranum antigen. In these cases the 
observed clinical manifestations would appear to be due to lymphogranulomatous 
infection; instances of abacterial urethritis believed due to this cause are al- 
ready recorded in the literature.*° Five additional individuals in the group 
with urethral lesions (including one with a history of gonorrhea) exhibited 
complement-fixing antibodies although the Frei reaction was negative. Since 
it is known that some eases of urethritis may be due to the virus of inclusion 
conjunctivitis’? and since the sera of two persons with ocular diseases due to 
this agent were previously noted to give fixation with Lygranum antigen,’ it 
cannot be stated which of these two related viruses may have been responsible 
for the urethritides in the group with negative Frei reactions. 

In twenty-three patients with bladder disturbances, on the other hand, 
only five showed complement-fixing antibodies versus Lygranum, and four of 
these also gave positive Frei reactions indicating that they had been infected 
with lymphogranuloma virus. A more detailed account of the clinical findings 
in these five patients has been presented by Marshall and Endicott.** 


COMMENT 


It seems desirable to summarize here our present information regarding 
the immunologic features of human lymphogranulomatous infection since this 
knowledge is prerequisite to the proper interpretation of the data presented in 
the preceding sections. 

Following the introduction of active lymphogranuloma virus in the body, 
there is usually a relatively prompt appearance of complement-fixing antibodies 
which may be detected as early as a week after the time of infection’? ; during 
the subsequent few weeks the titer rises to a maximum, the level of which will 
vary with the individual. Inerease in the serum globulin may also appear prior 
to the acquisition of cutaneous reactivity*? which usually, though not invariably, 
developes after an interval of several weeks of infection. °° °' The clinical 
activity of the individual case would appear to play some, but not necessarily 
the major, role in determining the intensity of the cutaneous reaction as well 
as the serologic titer. 

In the person who does not receive effective therapy the disease may regress 
spontaneously or may continue active for long periods of time. Even when the 
disease becomes clinically healed living virus may continue to reside in the tis 
sues, perhaps dormant but still capable of stimulating the continued production 
of complement-fixing antibodies and enduring reactivity to the Frei test. Thus 
patients whose lymphogranulomatous infections date back many years will often 
tive positive cutaneous reactions to Frei or Lygranum antigens* ° as well as 
complement fixation with the latter®?; they may still be infectious for their 
exual partners and, moreover, active virus has in some instances been recovered 
xperimentally from these cases of long duration... The prolonged stimulation 
by viral antigen frequently results in the marked synthesis of complement-fix- 
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ing antibody, this being reflected in a high serum titer and probably also in the 
extent of the hyperglobulinemia so frequently noted in this disease.!* * 

If a patient with early signs of the disease is given vigorous and adequate- 
lv prolonged treatment with an effective drug such as one of the sulfonamides, 
the infection may be sterilized. In such case the skin hypersensitivity will 
wane, and over a period of months one may observe an actual reversal of the 
Frei reaction®® 1°" 44: the level of complement-fixing antibodies also falls 
vradually, but reactions of low titer may still be demonstrable for many months 
after the skin reactivity has disappeared.'® There is evidence that with clinical 
improvement the elevated serum globulin level may also decline toward the 
normal.?® 554, 53e 


It is well known that there may be considerable variation among individuais 


in their response to a given antigenic stimulus whether this is encountered in 


the course of clinical disease or during artificial immunization. Undoubtedly 
similar variation is shown in the reaction to lymphogranuloma virus, which in 
most patients appears to constitute a fairly potent antigenic complex. It should 
not be expected, therefore, that every individual who is infected with the agent 
will show definite cutaneous reactivity or antibody production, although the 


Vast majority do, in fact, exhibit these responses. ”! 


Are these two responses manifestations of a single Immunologic mechanism or are they 
the result of different antigenic stimuli? It is true that some general correlation has been 
noted between the serum titer and the dimensions of the cutaneous reaction in lymphogranu 
loma22; this may be considered as favoring the first possibility, namely, that the positive Frei 
reaction depends on the presence of an adequate quantity of complement-fixing antibody in 
the circulation. The correlation is by no means invariable, however, and there is other evidence 
which would appear to favor the alternative hypothesis. In the first place, most cutaneous 
reactions due to the local union of antigen with circulating antibody are of the immediate 
variety, Whereas delayed reactions are seen in the so-called bacterial allergies, wherein passive 
transfer with antiserum cannot be demonstrated. The Frei reaction is a delayed reaction 
resembling the reaction to tuberculin or chaneroidal antigen. In the second place, infants 
born to lymphogranulomatous mothers rarely give positive Frei reactions®> although passive 
transfer of complement-fixing antibodies across the placenta occurs regularly.8s. 56 Further, 


persons infected with other viruses of the psittacosis-lymphogranuloma group may develo, 


potent complement-fixing antibodies which will react with Lygranum, yet fail to give positive 
cutaneous reactions with this antigen.!2, 57 Finally, we have obtained certain limited evidenc 
vide infra) which suggests that the complement-fixing antibodies may be evoked by inactive 
virus while the stimulus of living lymphogranuloma virus within the body is a prerequisit: 
for the development of cutaneous reactivity. 

Eight normal laboratory workers received, over a period of several months, repeate: 
(up to ten) intradermal and subcutaneous injections of 0.25 to 1.0 ml. of formalinize: 
Lygranum antigen, quantities many times greater than those which would be used in a cu 
taneous test. Their sera were tested from time to time and in two members of the grou 
no antibodies were found: one person developed a titer of 6: three persons showed a titer o 
15; two workers developed a titer of 60. None of the eight showed a positive cufaneou 
reaction to Lygranum, although Iymphogranulomatous patients with a serum titer as lo 
as 6 usually give a positive intradermal reaction, frequently of marked intensity. One of tlu 
workers with serum titer of 60 subsequently acquired active infection in the laboratory, fo 
lowing which the skin reaction became strongly positive; the serum titer also showed a furthe 
rise. The failure of Lygranum to induce cutaneous hypersensitivity in nonlymphogram 
lomatous individuals despite repeated injections is in agreement with the behavior of humat 


Frei antigen under similar circumstances,5®, 51, 
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With the foregoing in mind, we are now in a better position to consider 


Lygranum complement fixation in the diagnostic study of patients concerning 
whom the question of lymphogranulomatous infection is raised. We believe 
the following statements to be justified on the basis of the available data. 

Among individuals with authentic Iwmphogranulomatous disease, irrespee- 
tive of localization, nearly all will vield positive complement fixation as well as 
cutaneous tests with Lygranum. Only very rarely will a positive Frei reaction 
he obtained in the absence of serologic reactivity (see Section 1). iy and large 
the complement fixation test, as we have performed it, appears to be definitely 
more sensitive and it will therefore detect an appreciable proportion of reae- 
tors who fail to vield definitely positive cutaneous tests (see Section 9). The 
serologic test may become positive before skin hypersensitivity has developed 
and may persist after the wanine of the latter (see Section s 

There are numerous patients who are asymptomatic but who exhibit definite 
reactivity to cutaneous and serologic tests with Lygranum. In such persons the 
demonstration of positive responses in both tests is strong evidence in favor 
of antecedent infection with the virus of Ivmphogranuloma, whether or not 
there are overt signs of Nicolas-Favre disease. Instances of this sort are not 
infrequently encountered among those who have acquired other venereal dis- 
ease (see Sections 4 and 5) as well as among marital partners of persons who 
themselves present evidence of pre-existing Iimphogranuloma. 

In patients who show complement-fixing antibodies versus Lygranum but 
who do not react to cutaneous tests, the decision as to diagnostic significance 
requires consideration of the following possibilities. Some of these serologic re- 
actions may reflect) Iymphogranulomatous infection in’ persons with skin 
anergy?’ hee". it has been noted in this connection that a temporary redue- 
tion in cutaneous reactivity to Frei antigen may sometimes occur during an 
early syphilitic infection!’ °° In certain cases cutaneous reactivity may not 
vet have developed or a previously existing reactivity may have faded due to 
sterilization of the infection while antibodies have persisted as testimony to the 
former presence of virus (see Section 8). In other instances, the reactions may 
due to infection with a related virus such as those of ornithosis, inclusion 
Jennorrhea, or trachoma (see Section 3). In this group of patients, therefore, 
the results of a single complement fixation test do not allow a dogmatic conelu- 
sion about the nature of the antecedent infection in any individual case; re- 
cated quantitative serologic tests to determine possible alterations in titer with 
the passage of time, as well as a carefully taken history, may throw additional 
eht on the etiologic background. 

It was formerly believed that Nicolas-Favre disease was relatively uncom- 
m and that it nearly always manifested itself in a frank syndrome. During 
e past fifteen vears our knowledge of the nature and extent of the infection 
s been altered radically. This is due in part to the demonstration of an un- 
ectedly large number of clinical cases in communities where the prevalence 
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the disease had not been appreciated previously*® °' and to the discovery of a 


h incidence of positive Frei reactors among those groups in the population 
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where promiscuity and poor sexual hygiene frequently eventuate in other 


venereal infections.** ©! The results of complement fixation tests with Lygra- 
num have extended the data previously obtained from cutaneous tests. There 
is now abundant evidence that the natural history of lymphogranulomatous in- 
fection is in some respects not unlike that of tuberculosis or syphilis. All are 
highly contagious, but in many individuals the infections are so mild that they 
pass unnoticed unless thorough physical examination and history are obtained ; 
other persons experience subclinical or asymptomatic infections which are only 
detected by immunologic methods. With the limitations previously noted, the 
complement fixation test with Lygranum is a valuable epidemiologic tool, since 
it can serve as a screening device for the selection of those elements in the 


population which might most profitably be further investigated. 


SUMMARY 


1. In a group of 149 patients who showed a wide variety of overt lesions 
regarded clinically as lymphogranulomatous and who gave positive cutaneous 
reactions to lymphogranuloma antigens, the sera of over 98 per cent were found 
to fix complement in the presence of Lygranum. 

2. The antibody titers varied markedly among individuals; differences as 
great as several hundredfold were observed. It was noted that with the tech- 
nique employed approximately 10 per cent of the lymphogranulomatous sera 
reacted, but weakly, giving definitely positive results only in the lowest serum 
dilution tested (titer 6 by our notation) 

3. The limited data available suggested a correlation between the titers of 
complement-fixing antibodies and the globulin values of Ivmphogranulomatous 
sera. 

4. Complement-fixing antibodies versus Lygranum were also demonstrated 
regularly in the sera in several cases of accidental laboratory infection with the 
virus and in the sera of groups ot KF rei-positive persons (1) who showed evi- 
dence of urogenital localization of lymphogranuloma, or (2) who showed le- 
sions of questionably lymphogranulomatous origin, or (3) who appeared asymp- 
tomatic in regard to lymphogranuloma venereum. 

5. In healthy individuals (for example, laboratory workers) who were not 
known to have had contact with viruses of the lymphogranuloma-psittacosis 
group, the complement fixation test with Lygranum gave negative results. In 
contrast, the sera of patients who were known to have been infected with other 
members of this group of related viruses in most instances gave reactions with 
lvmphogranuloma antigens. 

6. Reactions were only rarely observed among patients suffering from non 
venereal infectious diseases due to agents unrelated to the lymphogranuloma 
psittacosis group, irrespective of the site of localization. 

7. The sera of patients with neoplasia or cardiovascular or renal diseasé 
seldom showed reactions with Lygranum. An appreciable proportion of th: 
sera from a group of patients with evidence of hepatic damage did show such 
complement fixation; the possible significance of this is discussed. 
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8. The results of complement fixation tests with Lygranum supported the 
concept that among those who acquire other genitoinfectious diseases as a conse- 
quence of sexual promiscuity there may frequently occur a concomitant infec- 
tion with the virus of lymphogranuloma venereum. 


9. The analysis of the available data indicates that the complement fixation 
test with Lygranum has certain limitations but may properly be considered 


useful in diagnostic and epidemiologic studies. 
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TABLE I. COAGULATION TIME IN MINUTES OF TWENTY-SIX NORMAL SUBJECTS 


] ML. OF BLOOD, 
1 ML. OF BLOOD} 0.5 ML. 0.9 PER} 1 ML. OF BLOOD 





AND 0.0 ML. 0.9 CENT SODIUM 10 MIN. AFTER 

PER CENT CHLORIDE, AND INTRAVENOUS 

I ML. OF SODIUM CHLO O.005 Ma. INJECTION OF 

SUBJECT AGI SEX WEIGHT BLOOD RIDI HEPARIN 29 MG. HEPARIN 
l 36 2 128 5.5 6.0 4 6] 
Z 3S i ae 5.2 5.5 DS 53 
= 4 ») }* 120 6.0 6.0 1 16 
t 17 I Lb Lo 5.0 y) 17 
) 19 I 129 6.5 6.5 Qs gv 
6 25 I 126 $0) 1.0) 7 4 
7 rat | IK 112 D0 we 7) 4 
S 20) i 144 6.0 6.9 rh) | 
g »] " 125 S.0 a0 65 63 
10 34 }" 138 Q() 8.5 77 OD 
1] 16 | 162 4.0 8.0 7D 66 
12 38 M 154 6.5 5.0 S4 7? 
13 1S }" 143 8.0) 7.0 (hed 66 
14 25 Ke 122 iw 7.0 QS De 
1D 22 F 110 7.0 7.5 6] 57 
16 33 I 128 9.5 a0 82 GS 
17 28 IK 117 6.0) 6.0 17 56 
IS 24 IK 124 6.0 Fer 4 16 
19 28 F 116 9.0) 8.5 14 66 
() DS ik 134 S.0 ie 9 8] 
| v4 I 138 12.0 13.0 5D D2 
22, 24 } 11S 7.0 8.0 2 59 
a 15 I 148 9.0 9.0 72 63 
24 60 M 182 6.0 6.5) 16 3 
95 ~Y I 24 6.0 6.0 50 57 
26 1] M 11.0 10.0 76 64 
TABLE Il. COAGULATION TIME IN MINUTES IN NINETEEN CASES OF TITROMBOSIS 





] ML. OF BLOOD, OD 


ML. 0.9 PER CENT 1 ML. OF BLOOD 10 
SODIUM CHLORIDE, MIN. AFTER INTRA 
1 ML. OF AND 0.005 MG. VENOUS INJECTION 
SUBJECT AGE SEX VEIGHT BLOOD HEPARIN 25 MG. HEPARIN 
97 38 M 149 6.0 24 1S 
IR 51 M - 184 6.5 21 22 
ae) 6 M 8.0) 6 14 
30) 65 M 128 9.0 QS 74 
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32 55" M 135 5.0 x 10 
33 39 M 129 5.5 5S 52 
34 53 M 146 7.0 60 68 
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36 50 M 8.5 3: 37 
37 10) M 190 6.5 51 56 
38 $4 M 163 6.0 51 16 
39 34 M 118 7.0 13 69 
40) 38 M 165 6.5 10 11.5 
4] 33 M 140 7.0 10 9 
42 38 M 151 6.0 16 10 
$3 33 M 140 6.0 32 13 
i4 38 M 15] 55 31 34 
15 33 M 160 8.0 35 10) 
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LIT. REPEATED COAGULATION TIMES IN MINUTES ON DIFFERENT DATES IN T 
MAL SUB. ‘Ss 
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A NEW METHOD FOR THE INDIRECT MEASUREMENT OF BLOOD 
PRESSURE IN THE RAT 


H. KERSTEN,* W. CG. BROSENE, JR., fF. ABLONDI, AND Y., SuBBAROW 
PEARL River, N. Y. 


ARIOUS methods for the indirect measurement of blood pressure of the 

rat have been reported in the literature’ and summarized in The Rat tn 
Laboratory Investigation.t It has become common practice to determine the 
blood pressure of the rat by the method of Williams, Harrison, and Grollman. 
The divergent and inconsistent results obtained by comparison of both direct 
and indirect blood pressure measurements led Schroeder* to doubt the validity 
of the various indirect methods of measurement of blood pressure in the rat 
Shuler, Kupperman, and Hamilton’ attributed these discrepancies to the size o1 
the sphygmometer cuff applied to the base of the tail and to the sensitivity of 
the plethysmograph. By changing the membrane of the plethysmograph to a 
much finer membrane, and by making the size of the oncometer tube attached to 
the plethysmograph much smaller (42 mm.), they were able to increase thi 
sensitivity of the instrument. However, these workers did not give any blood 
pressure values for unheated, unanesthetized normal animals obtained with thes 
changes, although many values were reported for the anesthetized normal an 
imal. Proskauer, Neumann, and Graef® studied independently the problem 
of these discrepancies. Using the apparatus of Williams and co-workers,* modi 
fied so as to be in agreement with the changes recommended by Shuler and as 
sociates,” they came to the following conclusions. **The systolic pressure o| 
trained, normal unanaesthetitized rats, as measured by a modification of the in 
direct method in which there was no change in the rectal or cutaneous tem 
perature, was 65 to 95 mm. He at room temp. 24-28° C.’’ These blood pressur 
values were still inconsistent with those of direct puncture, although Shuler and 
co-workers got higher values by the indirect method which agreed with the di 
rect method when the rats were anesthetized. 

Since we had been aware since 1948 of the discrepancy between the direct 
and indirect methods of blood pressure measurement, we also independently 
sought methods by which these disagreements could be explained. On the as 
sumption that the tail method of Williams and co-workers was fundamental! 
sound, we attributed our inability to use the method to the relative inabilit 
of the deseribed apparatus to measure the small volume changes taking place in 
the tail before and after constriction of the sphygmometer cuff. To overcot 
this obstacle, we resorted to a very sensitive photoelectric system by whieh 1 
change in volume of the tail was measured by the change in the size of as 
formed between a metal knife-edge adjusted to form the slit by nearly touching 
the upper surface of the tail. The distance of the upper surface of the tail fr 
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the metal knife-edge depends on the total volume of the tail which changed on 
lowering or raising the pressure in a sphyemometer cuff above or below the 
systolic pressure. Even with this extremely sensitive system the necessity of 
heating normal unanesthetized animals in order to obtain volume changes in the 
fail was not completely overcome, The results obtained’ were very mueh in 
agreement with those of Proskauer and co-workers. During the course of our 
experiments, it Was observed that: 

1. Even with our more sensitive method of recording volume changes in the 


tail, we were generally unable to obtain volume changes without heating the 
animal, 

2. As the rats were warmed, readings could gradually be obtained, the 
volume change being greater as more heat Was applied. However, these volume 
changes did not occur at the same sphyemometer pressure-cuff pressure but 
at higher indicated pressures. There seemed to be a proportionality between 
temperature and observed blood pressure reading. 

3. When the rats were heated excessively the blood pressure reading fell 
suddenly to very low levels. 

4. In attempting to standardize the rate of heating, different rats responded 
differently to the same heating conditions, and the same rat responded dif- 
rerently on different days to given heating conditions. 

». There were no optimal conditions under which comparable blood pres- 
sures were obtained in the same rat or in different normal rats. 

6. Rats which gave no indirect readings at normal room temperature, when 


nembutalized, gave indirect blood pressure readings at normal room tempera- 


ure and higher readings when heated under anesthesia. 

For these reasons, it Was obvious that a more dependable method of indirect 
blood pressure measurement would have to be developed if the rat were to be 
ised for chronic blood pressure studies. This method would have to fill the 
lowing prerequisites : 


1) The indirect method of determining the blood pressure must be on 


J 


ome appendage other than the tail, in order to obviate the ‘reflex vasocon- 
striction’’ of the arteries of the tail which was influenced by heating or anes- 
hetizing the animal. , 

2) The normal, unheated, unanesthetized animal must be used in order 
» eliminate all contributing factors which would influence blood pressure. 

3) In taking the blood pressure, control of all physieal faetors (light, 
ndline, tvpe ot restraint, ete. which would affect hlood pressure must he 
ssible. 

After approximately one and one-half vears of further study an instrument 
da technique was developed which met the stated requirements. It depends 

1) use of the foot (Griffith’s teehnique),' and (2) measurement of volume 
nge (Byrom and Wilson? and Williams and associates of the foot 
iffith) by means of the change in volume and intensity of light as measured 

photocell-microammeter arrangement. 
The instrument and technique which have eventually given us the men- 
ed prerequisites are deseribed below. 
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The Rat Holder.—The restraining cage has been developed with a view to 
comfort and darkness (for quietness) ; it is well ventilated and so constructed as 
to leave the two hind legs suspended freely at the groin. The *‘head’’ part ot 
the cage is of metal with a large overlapping cover. This cover is not airtight 
and permits free entrance of air but not light. At approximately the chest 
region of the rat a leather ‘‘ body holder’’ is fixed to the metal head case with a 
clamp. This leather is split along the ‘‘back.’’ At the ‘‘tail end’’ of the cage 
two holes are made through the leather to permit the legs to hang. When the rat 
is in the cage the split on the ‘‘back’’ of the cage is held closed by means of c¢lips. 
When the rat has been in the cage for a minute or so, it usually relaxes and re 


mains quite still (see Fig. 1) 





Fig. 1.—Photograph of rat holder and various types of rat foot holders. 


The Sphygmometer Cuff—The type of sphygmometer cuff necessary re 
quired standardization in making them. <A study has been made of different 
cuffs varying in cross-sectional thickness of the wall and in cross-sectional di 
ameter of the tube itself. 

The cuffs are made as follows: 

Natural Latex* is well emulsified and filtered through cheesecloth into 
graduate. It is allowed to stand for one hour, after which time any minut 
air bubbles in the top of the emulsion are brushed off with scraps of filter pape 

Glass rods of the desired diameter, approximately ten to twelve incl 
long, are cleaned well, rinsed with distilled water, and then rinsed with 3 p: 
cent ammonia water. They are allowed to air-dry and then are dipped into t! 
latex. The rods are carefully (without touching the sides of the graduate) wit 


*Obtained from General Latex and Chemical Co., Cambridge, Mass. 























INDIRECT MEASUREMENT OF BLOOD PRESSURE IN RAT 1093 


drawn at a constant rate of speed. (A geared electric motor with a spindle is 
very desirable.) The rate of withdrawal of the rod determines the wall uni- 
formity and thickness of the rubber tube. Usually four inches a minute has 
been the satisfactory speed. A single dipping will give a thin rubber tube which 
does not stand excessive use. After permitting the rod to air-dry for 1.5 to 2 
minutes, the rod is again immersed and withdrawn at the same speed. It is al- 
lowed to air-dry as before. Any minute air bubbles may be removed from the 
rod by blowing gently on the rod or by carefully touching the air bubbles with 
the torn edge of a piece of filter paper. The rod may be dipped as frequently 
as desired for building up the wall thickness. 








Fig. 2.—Preparation of sphygmometer cuffs. 


The rod is then allowed to air-dry for seventy-two to ninety-six hours, or 
process may be speeded up by heating in an oven at 99 to 100° C. for four 
six hours. When dry, the rubber tubing is removed from the rod by lubricat- 
thoroughly with a glycerine (3 Gm.)-tale (1 Gm.) mixture both externally 
internally as it is freed from the rod. When completely free of the rod, 
rubber tube is washed with water, dried, and lubricated with tale. See 
is of desired length may be cut as needed 


} 
‘ 


ti 
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The size cuff most practical and efficient has been found to be a 2-dip, 
A length of approximately 7 em. is 

The other end is joined and 
A 9 em. piece of one-fourth or 


five-inch per minute 5 mm. diameter tube. 
cut off and sealed at one end with rubber cement, 
cemented to 8 to 12 em. of 5 mm. catheter tube. 
five-sixteenth inch ribbon is also cemented to the catheter by winding with a 
2mm. wide strip of latex cut from a sheet (see Fig. 2). 

Cuffs of varving outside diameters and wall thicknesses have been prepared, 
and corresponding variations in the indicated blood pressure were determined, 
When cuffs less than 4 mm. diameter (when flattened out) are made by a 2-. 
or more, dip procedure, the wall thickness begins to play a role and excessivel) 
high recorded pressures ensue since the resistance of the rubber must be over 
come in order to compress off the circulation into the foot. An initial standard 
ization of cuffs, making a comparison with a direct puncture, would be advisabl 
for one who has not had previous experience to be sure that the cuffs are of thi 


proper thickness. 





Illustration of positions of foot, foot holder, cuff, light, and position of rat for tak 


Fig. 3. 
the blood pressure. 


The Photocell-Microammeter Volume Change Indicator.-As shown in Fig 
3, the only light striking the photocell is that which passes through the foot fr 
This value of light will remain constant as long as the f 


the light source. 
But when the flow of blood lea\ 


is still and allowed to function normally. 
the foot is restricted, the foot will begin to swell, causing a decrease in 
amount of light striking the photocell. The cireuit for the indieator is sho\ 
in Fig. 4. High impedance pentode tube acts as a load impedance for the hi 
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impedance vacuum type photocell, The characteristic curves (Fig. 5) show 
that the potential of the common connection between the phototube and the 
pentode is determined by the intersection of their characteristics. It is also evi- 
dent that a very small change of light on the photocell will result in a cor- 


respondinely large voltage change. This outpnt voltage is applied to the grid 
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of the 1S4 output tube, the plate current of which is indicated on the 0 to 200 
microammeter.* 

The Foot Holder.—It must be pointed out that the footholder was designed 
not to hold the foot in position forcibly, but only to restrain if the rat attempts 
to withdraw the foot, so that the foot does not leave its correct position. This 
foot holder is not absolutely necessary but has been an aid in training the rats, 
and onee trained they are conditioned to its feel. A hole directly under the 
place where the ‘‘palm’’ of the rat’s foot rests is also made. This leads directly 
over the photocell. (See Figs. 1 and 3. 

Sensitivity.—By sensitivity is meant the responsiveness of the instrument 
to a given change in amount of light hitting the photocell. This is taken car 
of by the circuit itself. 

Accuracy.—By accuracy is meant the amount of lag between the first changes 
in volume in the foot caused by lowering the pressure of the sphygmomete! 
cuff and the recording of the change in volume on the galvanometer. This ae 
curacy is controlled by the intensity of the light source, the width of the cuff, 
and the size of the aperture, and also by the rate of lowering the sphyvgmomete) 
euff pressure. The intensity of light should be 10 to 35 foot-candles, when ; 
Weston meter is held one ineh trom the source of light. The light should be 
directly over the aperture between one-half and one inch from the foot, so that 
the rays of light are perpendicular to the foot. The aperture in the foot holde: 
which permits light through to the photocell can be from one-eighth to one-hal! 
inch in diameter. Interchangeable foot holders with holes ot varying diameters 
have been used advantageously. The size of the cuff has been discussed. 

Source of Light——The light on the foot should be of a ‘‘heatless’’ type o1 
transferred over the foot by a Lucite rod to eliminate heating the foot. A smal 
3.0 volt ‘‘lens type’’ *‘penlight’’ bulb has also been found convenient. 

Taking the Pressure.—The rat is placed in the rat holder and allowed to 
remain for a minute or two with the two hind feet resting on the table or some 
other solid object. The cage should be clamped in a position so that the rat's 
body forms a 45- to 60-degree—A—angle with the table (Fig. 3). 

The euff is then wound around the area just above the ankle and held ther 
by wrapping the ribbon around the cuff and clamping it to the catheter tubing 
with a 
cuff should be kept well powdered with tale. The cuff should be applied rat! 
loosely (but not too loosely) since the venous pressure must not be exceeded 01 


‘ 


‘light pressure’’ clamp so as not to constrict the catheter tubing. This 


eireulation will be stopped and no change in volume of the foot will oceur and, 
therefore, there will be no reading. If no reading is obtained, the euff should 
be rewound. 
The rat’s foot is placed in position in the foot holder and the extinguis! 
light is brought directly over the back of the foot which lies directly over the 
‘ hole in the foot holder. The instrument is turned on, and the circuit resista! 
control is adjusted so that the microammeter shows that the photocell is being 
activated. The cuff (attached ot the sphygmometer) is inflated to 250 mm., 
which point the microammeter is adjusted to a reading of 150 microamperes 
using a small rheostat or the light source. Small jumps or fluctuations on 
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microammeter may be observed; these usually are due to movements of the foot 
of the rat (brought about by breathing, if the cage is not placed correctly, or by 
squirming) or to the interference of shadows falling on light-leaking parts of 
the photocell chamber. If less than ten foot-candles of light are used as the 
light source, shadows or reflections from the room lights onto the rat’s foot will 
also cause erratic Jumps of the microammeter needle. All extrinsie lights can be 
avoided by using a box over the instrument or by working in a darkened room. 

The pressure is slowly lowered in the cuff at approximately 250 mm. to 0 
mm, in 0.5 minute. When the systole pressure is reached, a characteristic drop 
of the microammeter will be obtained. This drop will stop if the cuff is immedi- 
ately inflated past the svstolie pressure and will start again when the pressure 
in the cuff is again lowered. The microammeter will continue to approach zero 





Fig, 6.—Assembled blood pressure instrument. 


and may even speed up its dropping rate as pressure drops. The fall in miecro- 


imeter reading is, of course, due to the change in volume of the foot ineurred 
blood flowing into the foot. This reduces the amount of light into the pheto- 


When the pressure in the cuff gets below the venous pressure, the foot will 
cede to its original volume since blood can now leave the foot, and therefore 
microammeter will rise to its higher reading. We have arbitrarily ealled 
s lower reading the ‘‘indieated’’ venous pressure, although its relationship 
the aetual venous pressure has not vet been established. The rate at which 
cuff pressure is lowered, if too rapid, will give lower readings than if dropped 
re slowly, as is the ease in any indirect blood pressure measurement. It has 
nh our practice to get a range reading on the first trial by lowering the euff 
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pressure at 250 mm. to 0 mm. in approximately 0.25 minute, followed by two or 
three readings at the standard rate of 0.5 minute for 250 millimeters. This, of 
course, Is optional, 

It has been observed that a waiting period of about one-fourth minute is 
necessary between readings. Tf no waiting period is taken, readings may not 


be obtained. See Fig. 6 for assembled blood pressure instrument. 


EXPERIMENTAL 


All rats received from Rockland Farms, Carworth, or our own breeding 
colony are placed in individual cages and numbered. In most cases no training 
of rats was necessary, but occasional rats were very difficult to control. As an 
example of the variation of normal blood pressure in these normal animals, ob 
tained by use of the deseribed procedures, the blood pressure of a group o! 
seventeen rats was determined for three consecutive days. The rats varied in 
weight from 190 to 320 grams. The sphygmometer cuff used was 5 mm. wide 
and 8 em. long, two-dip, five-ineh a minute latex tubing. 

The average mean determination in this first group of animals was IIS | 12 
mm. for the first day, 116 + 9 mm. for the second day, and 117 © 8 mm. for thi 
third day. (It has also been possible to take the blood pressure of rats as smal! 


as 50 grams in weight, with the appropriate foot holder and rat holder. ) 


SUMMARY 


A new method and instrument for the indirect determination of blood 
pressure of the rat has been deseribed. This procedure does not require the 
heating or the anesthetization of the animal. The principle of its functioning 
is based on measuring the volume change in the foot by means of a photoelectric 
cell before and after application of pressure by means of a miniature sphye 


nometer cuff applied to the ankle of the foot. 
By this method the average indicated systolic blood pressure of a evroup 
of seventeen normal. unheated, unanesthetized rats was found to be 117 m1 


Smm. He. The indicated venous pressure was found to be 18 mm, + 4mm. He 


The authors are grateful to Miss L. Lipchuck, for assistancees rendered in carrying ( 
this work, and to Mr. L. Me Williams, for the photographs. 
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COMPARISON OF BLOOD PRESSURE MEASUREMENTS IN THE RAT 
AS OBTAINED BY USE OF THE TAIL AND FOOT METHODS 
AND BY DIRECT FEMORAL PUNCTURE 


KF, ABLonpr, Y. SusspARow, L. LiecHuck, ANp G, PERSONEUS 


PEARL River, N. Y. 


A NEW method for the indirect determination ot the blood pressure oft 
the rat has been deseribed. This procedure has obviated the necessity 
of prewarming or anesthetizing the animal, as compared with the previously 


deseribed methods in the literature.’ It became of extreme interest to com- 


pare the blood pressures obtained by this method with the various methods 


under similar environmental conditions. 


EXPERIMENTAL 
The Tail Instrument. All determinations of blood pressure made on the tail were Gut 
ried out using the same type oft photocell] microammeter svstem as described for the foot. 
The change in volume of the tail was measured by the decrease or increase of light entering 
the photocell from a slit formed between the upper surface of the tail and a fixed metal shield 


before and after constriction of the tail with a sphygmometer cuff (Fig. 1). In measuring 


the volume change of the foot, the amount of light going through the foot was measured 


before and after constriction of the ankle with a sphvgmometer cuff. This instrument 
gave sensitivities to volume changes on the order of, or greater than, the instrument oft 


Williams and co-workers+ as modified by Shuler and associates® or Proskat 


er and assé 





ates, Its sensitivity was also ot the Saline order as the machine used on the Toot 
} roughout all the deseribed eX} riments. The size of the cuff used on the tail was 9 mm. 


vide bv Y em. long, dipped in the same manner as the sphyvgmometer cuff used on the foot 
nd, therefore, of the same thickness of rubber. The cuff was wound around the base of 
the tail and held there by wrapping a ribbon 15 mm. wide around the cuff. The indirect 

Od pressure Was taken 1n exactly the same manner as described for the Williams method 


cept that the change in volume in the tail before and after constriction with the 


<phygmometer cuff was observed by the increase or decrease in light entering a photoce 
stem rather than by a water plethysmograph. 
The Foot Instrument. The foot instrument has been described previously. 
The Direct Puncture Manometer.—The instrument used for the direct measurement of 
od pressure was a modification of Hamilton's optical manometer.s Instead of using the 


phragm type of mechanism, Gur mirror was mounted on the end of a copper-beryllium 


irdon tube. The cross-sectional diameter of the tube used was approximately three-eighths 
While its circumferential diameter was one and one-half inches. The volume liquid 
lacement for the complete svstem needle to copper tube, one eigith inch O.D., to pet eoek 
Bourdon tube), between 0 and 300 mm. He pressure, was 0.1 cubie centimeter. 3y this 
stem a linear relationship between pressure and mirror movement could be maintained fron 
00 mm. Hg pressure, Although the sensitivity of this method was much lower than 
obtained by Hamilton's manometer, accuracy was maintained even at the higher blood 
: ssure levels, The indicated pulse pressures of normal nembutalized rats were usually of 
rder of 5 to 15 mm. when pressures were taken from the femoral arterv using 23 -cauge 

e as innul 
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Fig. 1.—Volume change indicator adapted 


Tail and foot volume change indicators arranged 
blood pressure. 
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RESULTS 

Deviations of Observed Readings in Normal Rats on the Same Day and on 
Different Days Under Normal and Heated Conditions by Use of Tail Method.— 
Six rats were trained and the blood pressure was measured from the tail without 
warming the animal. Immediately after attempts were made to determine the 
blood pressure, the rat was placed in a carton container heated to the appro- 
priate temperature by electric lamps. At the desired time it was removed 
from the carton box, and the blood pressure was again measured. The animal, 
as indicated in Table I, was allowed to remain at room temperature for the 
desired time, the blood pressure was determined, and the rat was inserted 
into the next carton box of desired temperature. The readings obtained are 
charted in Table I. 

These results indicate: 

1. The general unresponsiveness (no apparent volume change in the tail) 
of normal unanesthetized rats unless heated. 





PapLe Ll. DEVIATION OF BLOOD PRESSURE IN TAIL OF NORMAL ANIMALS ON SAME DAY AND ON DIFFERENT 
Days UNDER NORMAL AND HEATED CONDITIONS 
AL- | 
LOWED 
ROOM TO cooL 
TEMP. ; AT 
NO 49° ROOM 49° ROOM 45° ROOM 17 ROOM 50 ROOM 
RA DATE HEAT |3 MIN. | TEMP. |5 MIN. | TEMP. 5 MIN. | TEMP. | 3 MIN.| TEMP. |3 MIN. | TEMP. 
16/138 oO | - - =< | E> a % 145/45 | 80/35 
6/14 0 125/30 | 110/25 | : 150/50 | 110/25 | 152/50 | 120/50 
; 6/18 0 95/20 0 115/30 | 100/30} 120/30 80/30 ce aS an 
\ 
6/19 0 85/20 0 - = 115/30 60/30 es 120/50 85/20 
* 
6/13 0 . : — | 145/50 | 110/25 
6/14 0 0 0 - 110/30 0 90/50 | 90/30 
— 6/18 ray 0 0 95/30 60/30 90/30 70/30 | 140/30 80/25 = - 
6/19 0 60/15 0 ~ _ 70/20 | 60/20 : 70/50 | 60/20 
* 
6/13 0 - - = i 130/50 0 
is 6/14 0 140/45 : 145/40 | 118/20 | 185/50 | 130/35 
“ 6/18 0 110/40 0 125/60 76/40 | 125/45 70/30 | 120/30 70/22 a x 
i/19 0 50/20 0 - = 98/45 . - 135/60 | 95/25 
6/13 0) se = = iz = = 5 110/50 a 
14 0 a wl ° ad - = a al ~ 
27 |6/18 0 110/40 0 100/25 100/40 0 = = = = 
19 0 0 _ 0 60/30 0 = = 
? 
13 {) _- _- 100, 10. 7 a) ae 
l4 0 : = - Be = A _ ts i 
9 18 0 60/20 0 130/25 0 100/30 0 = : " 
19 0 0 : = _ 125/30 60/20 
* 
te 0 110/50 | 80/20 
9 . 
3 i4 = _ x - : - - a a aa 
5 0 122/44 0 130/25 QO | 100/35 me _ = - a, 
_ 9 0 120/35 0 1110/40} oO ef e _ R A e 
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‘oor reading (poor swing) due to small volume change 
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2. The wide variation of ‘‘normal’’ blood pressure of normal animals 
when heated in the same way on different days. 

>. The wide variation of response to given temperature changes of the 
same rat on different days. 

Comparison of Nimultaneously Observed Blood Pre NSUTES hy Use | Tal 
and Foot VWethods rn Unheated, Heated and Cooled, Normal and Ope rated An- 
nual, Kaech animal used Was placed in the rat holder adapted for toot hlood 
pressure determination so that readings could be made simultaneously on the 
tail and on the foot (see Fig. 2). When warmed, the animals were heated by 
means ot a portable heat lamp, SO adjusted as not to reflect or shine directly 
into the apertures ot the photocells of either machine. 

The cuffs used in the tail method and the foot method were of such a 
diameter that they were proportional to the size of the appropriate appendage. 
that is. for the tall cuff. a 9 mm. wide. 9 em. Jone cuff was used, while on the 
hoot, where the Cross-Sectional diameter iS smaller, a5 Thidn. wide 7 Cin. long 
cuff was used. Both cuffs were of the same thickness rubber drawn in the 
same speed from the same Latex (two-dip, 5 inches a minute 

In all cases, readings recorded were the average either of two or three 
readings. Sensitivities of both machines to volume change were the same 
The results obtained in four rats picked at random are given in Table II. 

These four experiments, which are a few of many such trials. indicate the 
following: 

1. Not all rats gave volume changes in the tail when normal (unheated 
In all cases (approximately 10,000 readings) blood pressure recordings ( volume 
anges} were and have been obtained in using the foot method without heating 
he animal. 

2. When warmed, those animals which gave 


no detectable volume change 


) +} 


11¢ tail gradually VAVE Increasing 


v larger volume changes in the tail at higher 


I 


ind higher blood pressure levels. When cooled by packing the metal portion of 
changes gradually 
liminished until both were Jost. 


5. Readings were obtained continuously by use of the foot method with 


lefinite rise of blood pressure due to heating. An inerease of volume change was 
so observed. Heated rats are therefore no longer **normal’” animals in rete? 
nee to blood pressure. 

4. The indicated blood pressure in the tail is not necessarily related to the 
dicated blood pressure in the foot in unheated unanesthetized animals. al- 


ough in the heated animals the indicated blood pressures of both m 
vree within the experimental error of the methods. 

Comparison or Obse rie d Re adinds hu Dire: f Fy moral Pune Ture and h / 
rl and Foot Vie thods an Nembutalized Animals, and thie E fhe t oT Ne mbhutal aa 


re nis 
rinaeeenanen 4 eg thaticats the h] I nr —— aenvant bhatt ; 
periment. erore anesthetization, the Diood pressure Was neasured DoT! rv 
e tail procedure and by the foot procedure simultaneously. The animal was 
nN: hetized intraperi allv witl butal. 5 me. per 100 er: and 
en anesthetized intraperitoneally Ith nembutal, 9 mg. pe NM) grams, and 


} 1 . , . , _e a 
DiINOd Pressure Was follov ed as the anest het @ TOOK erect. Atter an 
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was complete (third stage), the blood pressures were taken and the direct 
puncture instrument was then cannulated to the femoral artery on the right 
leg. The left foot was used to follow the blood pressure by the foot technique, 
while simultaneously observing the blood pressure jn the tail. 

In these three animals, obstruction of the upper respiratory passages due 
to the anesthetic used* was not encountered, and tracheotomy was not necessary. 

In these three animals, the effect of anesthesia on the vasoconstrictor reflex 
is demonstrated (Table III). In the third animal various substances (pressor 
or depressor) were injected into’'the femoral vein and the blood pressure was 
followed by all three methods. 

The results of these experiments indicate : 

1. Normal unheated unanesthetized rats which gave no volume changes in 
the tail (and, therefore, presumably no blood pressure) when anesthetized with 
nembutal gradually gave volume changes in the tail as the degree of anesthesia 
increased without application of heat to the animal. It is, therefore, con- 
eluded that both anesthetization and heating of the animal have the same 
effect on the ‘‘vasoeonstrictor reflex’’ in regard to the volume change and 
the indicated blood pressure in the tail. It therefore becomes apparent why 
agreement between the tail method and the direct puncture method is obtained 
in the anesthetized animal,®»* but it does not necessarily mean that there is 
agreement between the indieated blood pressure using the tail method and the 
systemic blood pressure in the unanesthetized animal. 

2. Agreement of indicated blood pressures obtained by the foot method, 
tail method, and direct puncture method in the anesthetized animal was within 
the limits of the experimental errors. 





SUMMARY 


1. A comparison of indicated blood pressures as obtained by use of the 
foot and the tail has been made in both normal unheated and operated un- 
heated animals. The agreement of the values obtained has been very poor, 
although both methods depend on the same principle for determination of 
hlood pressure; that is, the change in volume in the appropriate appendage is 
observed by means of a photocell system before and after constriction of a 
sphygmometer cuff applied to the specific appendage. 

2. The blood pressure of normal unheated rats as measured by the tail 
method has varied between 50 and 130 mm. where a volume change in the tail 
weurred. (Proskauer and eo-workers® have reported a value of 65 to 95 mm. 
i! Hg.) In very normal unheated animals, no volume change and, therefore, 

resumably no blood pressure could be detected. In all cases volume changes 
vere observed when using the foot. The average blood pressure obtained in 
sroup of seventeen normal unheated rats picked at random was 117 + 8 mm. 
ilo.1 This value is in good agreement with those obtained by direct puncture 
s reported by Schroeder’® for normal anesthetized rats. 
3. It was observed that in the tail of the normal unanesthetized animal, 
| cases where there was no volume change unless heated, the volume change 
adually inereased with increased heat applied to the rat, and that these 
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volume changes occurred at concurrently higher blood pressure levels. At- 
tempts to standardize the amount and the rate of heating applied to the rat 
were made with no success. By using the foot method, readings were ob- 
tained without the application of heat. In the foot, as heat was applied, the 
volume change also increased but at a much lower rate, while the blood 
pressure rose from the level obtained in the unheated normal animal. It is, 
therefore, apparent that normal heated animals are no longer ‘‘normal’’ in 
regard to blood pressure. It is also apparent that the blood pressure in the 
tail, as indicated by the volume change principle, is not directly related to the 
systemic blood pressure in the unheated unanesthetized rat, although under 
abnormal conditions (heating or anesthesia) a relationship between indicated 
foot blood pressures and the indicated tail blood pressures was obtained, 

4. Under the influence of anesthesia volume changes in the tail could be 
easily obtained without the application of heat, and agreement of all three 
methods was fairly good when simultaneous blood pressure readings were 
taken by tail, foot, and direct puncture. 

The authors are indebted to Mr. Robert C. Annen and to Mr. Clifford Blauvelt for 
their contribution to the adaptation of the direct puneture instrument. We are also grate 


ful to Mr. Leslie MeWilliam for the photographs. 
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THE DIAGNOSIS OF PANCREATIC. DISEASE BY ENZYME TESTS 


LesteR M. Morrison, M.D. 


Los ANGELES, CALIF. 


Hk climieian has long found the diagnosis and treatment of diseases of the 

pancreas to be among the most difficult and uncertain of all diseases. This 
has been adjudged partly to be due to (1) the lack or obscurity ot symptoms 
in early or moderately advanced stages of pancreatic disease clinically, and (2) 
the complexity of pancreatic tests and their Impracticability for the practic¢ing 
physician, biochemically. 

In this paper [ report the results of studies carried out from a series of 
patients seen in gastroenterologie practice which have been used as an aid in 
the diagnosis and treatment of diseases of the pancreas. This study was under- 
taken with the view of utilizing some procedure which would aid in establishing 
a diagnosis of pancreatic disease. 

The American Gastroenterological Association’ appointed a committee to 
study the pancreatic problem. Among other reports, two extensive investiga- 
tions for the committee were published by two groups of investigators, one from 
the laboratories of the Mayo Clinie,?! and one trom the laboratories of the 
Western Reserve University Sehool of Medicine and Hospital. 

1 therefore believed it might be of interest to deseribe additional pan- 
ereatic studies in gastrointestinal diseases in the attempt to explore further the 
practicability and reliability of pancreatic diagnostic procedures. 

These studies do not touch upon acute pancreatitis, which is in the nature 
of an aeute surgical emergency, but rather on diseases of the panereas such 
as eaneer, stone, and chronic inflammation, as well as on disturbances of the 
pancreas caused by primary diseases of contiguous organs. 

Extensive evidence has now been accumulated by surgeons and pathologists 
aliket that dyspepsia is often the primary or secondary expression of chronic 
pancreatitis. For example, Rich and Duff found ‘‘repeated foeal neerosis, 
foeal hemorrhages, and epithelial metaplasia’” in routine pancreatic examina- 
tions during autopsies at the Johns Hopkins Hospital... These findings have 
heen duplicated by other observers.® Osler also drew attention to this facet and 
tated that the confusion existing on the subject was due to the *‘ personal equa- 
tion of the laboratory workers. ** 

Clinicians attempting an analysis of the role of chronic pancreatitis in 

using dyspepsia are represented by Koehler. who found that 26 per cent of 
s series of patients suffering from ** functional indigestions’’ showed duodenal 


ivlase deficieney. Rivers” survey suggests a similar conclusion. 
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Although pancreatic stones are rarely diagnosed by the clinician during 
life, the studies of Ludin’® have shown that routine x-ray examinations of 542 
pancreases correlated with histologie study revealed concretions in 5 per cent 
of the cases. These concretions varied in size from the head of a pin to that 
of a hazelnut. Snell and Comfort,'! Moss and Freis,’* and others have shown 
the value of pancreatic functional tests in patients with pancreatic lithiasis. 

In reference to the condition described as ‘‘pancreatie edema,’’ many 
surgeons have described the frequency of this condition at operation.’® Arehi- 
hald in 1913 was one of the first surgeons to report a series of patients suffer- 
ing from attacks of acute epigastric pain in whom operation revealed only pan- 
creatic edema.’ ' Pratt,’ a lifelong worker in pancreatic diseases, described the 
accumulative evidence which indicates that attacks of epigastric pain are due, 
not infrequently, to mild acute pancreatic lesions. 

Experienced surgeons like Elman,'® Cole,’*® Demel,'’ Loeffler,’* and others 
too numerous to mention all have reported series of patients suffering from 
attacks of epigastric pain in whom careful surgical exploration revealed diffuse 
edema of the pancreas, without evidence of necrosis or hemorrhage. 

Pratt has emphasized the fact that in patients where the symptoms are 
indicative of gall bladder disease, or where the clinical picture is that of gall 
stones and the cholecystograms are negative, pancreatic disease is frequently 
present. 

The need for study of panereatic disorders has thus been keenly felt for 
some time. 

Since Einhorn’s introduction of the duodenal bucket in 1910°° numerous 
investigators?’** have reported the results of their procedures in the testing of 
pancreatic function. However, the recent studies of Free and Myers*® present 
such a comprehensive and improved system of technique that I have used their 
methods in testing pancreatie function. 


METHOD 


A series of eight subjects in good health who were free of any gastrointestinal signs 
or symptoms were selected for normal controls. They consisted of five women and three met 
ranging from 20 to 58 years of age. Duodenal drainages and tests were routinely performe: 
in all subjects on an empty stomach in the morning. The fasting duodenal secretion was 
first extracted and then one ounce of warm olive oil was injected through the tube into th 
duodenum and retained for ten minutes. The duodenal contents were siphoned off in twenty 
forty-, and sixty-minute periods after the olive oil stimulation and each specimen was ex 
amined for proteinase, amylase, and lipase according to the methods devised by Free an 
Myers.26 Thus twelve pancreatic functional determinations were performed at each duoden: 
drainage. As described in Tables I to VI, the number of duodenal drainages varied in eac 
patient from one to five, giving a range of functional tests numbering from twelve to sixt 
for each subject. In all, a total of more than one thousand duodenal pancreatic tests a! 
herein reported. 3ile pigment in each diluted sample was determined by the icterus inde 


CASE MATERIAL AND RESULTS 
Table I shows that in over 288 pancreatic enzyme determinations take! 
from eight normal subjects, the average values for the fasting and twenty 
forty-, and sixty-minute periods of stimulation by olive oil were: proteinas: 
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3.6 mg.; amylase, 7.5 me.; and lipase, 8 milliliters. However, it is noted 
that the normal variations for proteinase, amylase, and lipase are great. They 
range from 0.6 to 7.4 mg, in proteinase, from O to 17.38 mg. in amylase, and 
from 0 to 31.4 ml. in lipase. In these normal subjects 
found again at subsequent tests. 


zero readings were not 


TABLE I. DUODENAL CONTENT ANALYSES FOR PANCREATIC ENZYMES IN EIGHT NORMAI 
SUBJECTS OVER TWENTY-FourR TEST PERIODS: AVERAGE VALUES, 288 ' 


TESTS 


zQ MIN. 10) MIN. OO MIN. 
AFTER OLIVE | AFTER OLIVE!) AFTER OLIVI 
OIL STIM OlL STIM OlL, STIM MINIMUM MAXIMUM 
ENZYMI FASTING ULATION ULATION ULATION VARIATION | VARIATION 
Proteinase So 3.0 4.2 1.9 0.6 7.4 
(Amylase t S22 6.4 8.2 10.1 0 iis 
Lipase} 1.8 Ty 6.8 15.0 0 31.4 


Milligrams tyrosine equivalent, 
‘Milligrams glucose equivalent. 
Milliliters 0.05 N sodium hydroxide equivalent 


Table Il shows that in over sixteen pancreatic enzyme determinations taken 
from eight subjects with *‘functional’’ or nonorganie¢ disturbanees of the upper 
vastrointestinal tract, the average values for the fasting and twenty- and sixty- 
minute stimulation intervals were: proteinase, 2.0 mg.; amylase, 4.3 mg.; 
and lipase, 4.0 milliters. The individual variations in *‘functional’’ disorders 
are considerable. They range from 0.2 to 3.8 mg. in proteinase, from 0.6 to 
8.5 mg. in amylase, and from 0 to 8.5 ml. in lipase. Zero findings were not re- 
peated at subsequent determinations. These eight subjects were diagnosed as 
having upper digestive tract dyspepsia, six from gastrointestinal neuroses and 
two from the postcholeeystectomy syndrome. 
lABLE IIT, DUODENAL CONTENT ANALYSES FOR PANCREATIC ENZYMES IN EIGHT PATIENTS WITH 


‘FUNCTIONAL’? OR NONORGANIC DISORDERS OF THE UPPER GASTROINTESTINAL TRACT; 
AVERAGE VALUES FOR SIXTEEN TESTING PERIODS, 192 TESTS 


20 MIN. 40 MIN. 60 MIN. 
AFTER OLIV] AFTER OLIVE /AFTER OLIVE 
OIL STIM OIL STIM OIL STIM MINIMUM MAXIMUM 
ENZYME FASTING ULATION ULATION ULATION VARIATION VARIATION 
Proteinase” 1.3 1.8 29 oT 0.2 ee 
\mvlaset 2.9 1.0) £.9 5.6 0.6 $5 
Lipaset 2.9 3.4 £.5 5.1 0 8.5 


*Milligrams tyrosine equivalent. 
*Milligrams glucose equivalent. 
Milliliters 0.05 N sodium hydroxide equivalent. 


Table II] shows that in twenty subjects suffering from organic diseases of 
e upper digestive tract, the average values for all the intervals previously 
scribed were: proteinase, 1.3 mg.; amylase, 3.7 meg.; and lipase, 3.6 milliliters. 
he individual test readings tor enzymes here also are very variable. The 
nge for proteinase is from 0 to 5.6 mg.; for amylase, from 0 to 10.4 mg.; 
d for lipase, from 0 to 13.6 milliliters. In contrast with the normal controls 
nd the ‘‘functional’’ eases, if zero readings were obtained and found again 
subsequent tests, extensive involvement of the pancreas by cancer was pres- 
rit as occurred in the three cases of cancer of the pancreas (Table V, Cases 
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TABLE III. DUODENAL CONTENT ANALYSES FOK PANCREATIC ENZYMES IN TWENTY PATIENTS 
WITH ORGANIC DISEASES OF THE UPPER GASTROINTESTINAL TRACT; AVERAGE 
VALUES FOR ForTY-THREE TESTING PERIODS, 510 TESTS 


20 MIN. 10 MIN. 60 MIN. 
LETER OLIVE AFTER OLIVE | AFTER OLIVE 
OL STIM OL, STIM OlL STIM MINIMUM MAXIMUM 
ENZYMI FASTING ULATION ULATION ULATION VARIATION | VARIATION 
Proteinase* 0.7 LZ 1.5 L.7 () 0.6 
Amylase 2.2 3.0 3.4 6.1 0 10.4 
Lipase} 0.9 3.0 b.S Ded () 1.6 
*Mill.gragns tyrosine equivalent. 
‘Milligrams glucose equivalent, 
Milliliters 0.05 N sodium hydroxide equivalent 
3,4, and 18). If near zero readings were consistently obtained, particularly in 


proteinase, extensive disease of the pancreas was found such as in the three eases 
of pancreatic cirrhosis with or without lithiasis (Table V. Cases 2, 6, and 7). 


COMMENT 


The twenty patients with organie disease listed in Tables TIL and V1 
consisted of three patients with carcinoma of the pancreas, two with cholithiasis, 
one with choledocholithiasis, one with pancreatic lithiasis, two with pancreatic 
cirrhosis (diagnosed at operation), three with cirrhosis of the liver, three with 
duodenal ulcer, one with gastric uleer, and one with infectious hepatitis and 
cholangitis, carcinoma of the pyloric end of the stomach, carcinoma of the gall 
bladder and bile ducts, and nontropical sprue, respectively. 

Table IV compares the total average enzyme values for all interval readings 
found in normal subjects with those of functional and organic diseases of the 
upper digestive tract. It is seen that the respective average readings in thi 
‘normal’ controls and the **functional’’ cases appear to be clearly defined 
However, the difference between the average readings of the ** functional’? and 
those of the *‘organic’’ diseases seems small. This lack of contrast appears to 
he due to the inclusion of a group of cases under ‘organic’? causes in whieh 
the pancreas itself was not primarily involved. Cases of gastric and duodena! 
uleer or cholelithiasis are examples. On the other hand, when the eases in 
whieh the pancreas is involved primarily, sueh as by carcinoma or cirrhosis o1 
the stone, are examined the test readings are consistently zero or very close to 
zero. The minimal and maximal ranges varied quite widely in any one patient 
in whom the pancreas was not extensively and markedly involved and rendered 
it impossible to determine accurately the category in whieh one reading places 
a patient. 

Percentages were not calculated since the range of variation in (1) norma 
subjects, (2) patients with organic disease of the upper digestive traet, an 
(3) patients with functional diseases of the upper digestive tract are so great 
that only repeated zero readings or repeated near zero readings are of diagnostii 
significance. 

One single determination of the proteinase, amylase, or lipase values woul: 
appear to be adequate since the enzyme values were consistent in rendering thi 
same information in one patient. This was particularly true where sever 
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TABLE LV. DUODENAL CONTENT ANALYSES FOR PANCREATIC ENZYMES: TOTAL AVERAGE Ot 
Foun ENZYME READINGS IN COMPARATIVE STUDIES OF UPPER GASTROINTESTINAL 
TRACT DISEASES 


FUNCTIONAL OR 


NORMAL CONTROL NONORGANIC ORGANI 

ENZYMI SUBJECTS DISEASES DISEASES 
Proteinase 5.6 2) 13 
Minimum variation 0.6 0.2 (0) 
Maximum variation 7.4 28 5.6 
(Amylase | ico 1.3 af 
Minimum variation 0 0.6 () 
Maximum variation ics S35 10.4 
Lipase} 8.0) 1.0) 3.6 
Minimum variation () () 0) 
Maximum variation O14 S.5 13.6 


*Milligrams tyrosine equivalent. 
‘Milligrams glucose equivalent 
Milliliters 0.05 N sodium hydroxide equivalent 


TABLE V. ENZYME VALUES IN EXTENSIVE ADVANCED PANCREATIC. DISEASE PROVED A1 
OPERATION 


NUM 
BEI 20-MIN. H)-MIN. O0-MIN. 
| OF FASTING ISTIMULATION STIMULATION STIMULATION 
CASI DIAGNOSIS | TESTS | P. L. ‘te: ae oe.* Pa lise A 
3 Carcinoma of head 1 0) 0) 0) 0 0 0 
of pancreas 2 0) () 0) 0) i) 0 
~ Advanced pan ] 0 0 () 0:2 67 05 0.5 1.8 0.8 0.5 2.4 1.0 
creatic cirrhosis 2 () 0 ) 0.4 1.5 1.1 0.41.7 1.3 0.4 2.1 1.0 
” 0.2 0.8 1. ea ea 05 2.1 1.0 Os Lor hs 
| 0 (} () 0) 0.5 0.3 0.5 0.9 0.9 O84 45 1:0 
) 0.9 1.9 1.0 095 1.4 1.0 Mo ES 1.3 0.6 2.4 1.0 
f Carcinoma of head l 0 0) 0) () 0 0) ) () 0) 0 () 0) 
and body of pan 2 () () () () () ( () if () () () () 
creas 
7 Advanced cirrhosis l 0) ‘) 0) 0.2 0.8 0.7 0.3 1.8 0.8 0.2 32 1.0 R 
of the liver and 2 u ) ) O2 1.5. 0.3 0.2 1.9 0.8 0.2 26 2.1 
pancreas 
S  Careinoma of head l l 0) ‘) ) 0 0) 0) 0) 0 0 0 0) 
and body of pan 2 pe () i) 0 () if) ) 0) 0) 0 0) () 
creas 
4 Extensive pan H 0) 08 0.3 0.2 15 0.7 0.2 2.1 0.3 0.5 2.4 0.4 
ereatie lithiasis 
with cirrhosis 
P., Proteinase; L., lipase; A., amylase. 


TABLE VI, AVERAGE ENZYME VALUE IN ORGANIC DISEXSES OF THE UPPER DIGESTIVE TRACI 


NUMBER OF 


ASI DIAGNOSIS TESTS PROTEINASE AMYLASI LIPASE 
] Cholelithiasis, cholecystitis 12 bol Zuo 5 4 
> Careinoma, gall bladder i 0.9 2.6 Dae 
S Cirrhosis of liver 12 2.95 £.9 (ie. 
4 Nontropical sprue 1 3] 7.1 8.6 
10) Choledocholithiasis S 1.2 1.5 £5 
1] Cholecystitis with lithiasis 8 UB 6.5 3.9 
12 Penetrating duodenal ulcer S 1.2 3.0 1.5 
13 Chronic duodenal ulcer S 1.9 6.1 7.6 
14 Chronie duodenal uleer S 1.5 1.2 1.2 
1D = Gastrie ulcer S 2.4 7.6 6.5 
16 Carcinoma, pyloric stomach S i 2.6 Duk 
7 Cirrhosis of liver S 1.6 1.5 9 
19 Chronic cholecystitis S bf 2.9 204 
20) Infectious epidemic hepatitis S eg 1.2 1.4 
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primary disease of the pancreas was present, as in the three eases of carcinoma 
of the pancreas, each accompanied by jaundice. 

In the three patients with pancreatic carcinoma the enzyme values were 
zero throughout for every proteinase, amylase, and lipase reading at the fasting 
and twenty-, forty-, and sixty-minute stimulation periods. In the case of marked 
pancreatic cirrhosis with or without lithiasis, the readings were all consistently 
close to zero. These two primary diseases of the pancreas, that is, eaneer or 
extensive cirrhosis (with or without stone), therefore consistently gave findings 
of diagnostic value in the duodenal pancreatic enzyme tests. 


SUMMARY 


I. Over 1,000 pancreatic enzyme tests (Free and Myers*®) were made from 
the duodenal secretions in a group of normal subjects, in a group of patients 
with ‘‘functional,’’ or nonorganie disease of the upper digestive tract, and in a 
group of patients with organic disease of the pancreas, biliary traet, stomach, 
or duodenum. 

2. The range and mean of duodenal pancreatic enzyme tests for normal 
subjects and patients suffering from upper digestive tract disorders are de 
scribed. Variations of test findings are very wide in both normal subjects 
and patients with most organic diseases of the pancreas or upper digestive 
tract. 

3. Normal subjects as well as patients with extensive and severe pathologic 
involvement of the pancreas such as cancer may give zero or near zero test 
readings in individual duodenal pancreatie enzyme tests. 

4. In patients with organic disease of the stomach or biliary tract, pan 
cereatie duodenal enzyme tests revealed no individual distinetive or diagnostic 
findings. However, their group mean value was definitely lower than the com 
parable value in normal subjects. 

». A group of ten patients with chronic low-grade or moderate inflamma 
tion of the pancreas, as revealed at operation, had a series of duodenal pan 


ereatic enzyme tests performed before and after operation. The duodenal en 


zyme study failed to show any consistently abnormal findings of diagnostic 


value either pre- or postoperatively. 

6. In six cases of extensive involvement of the pancreas by cancer or ¢cir 
rhosis with pancreatic lithiasis, 125 tests gave abnormal findings in the duodenal 
pancreatic enzyme tests. These abnormal findings were either zero or neal 
zero values. 

7. If a zero reading was found in the pancreatic enzyme tests of a normal 
subject, it was not consistently found at subsequent determinations. In the 
presence of advanced and extensive pancreatic disease such as cancer 01} 
cirrhosis, zero and near zero readings were found consistently at all subsequent 
determinations. 

CONCLUSION 


' Extensive and advanced disease of the panereas such as cancer or cirrhosi: 


with lithiasis gave repeated zero or near zero readings in the duodenal pan 
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creatie enzyme tests. Panereatie enzyme tests are useful in diagnosing advanced 
and extensive disease of the pancreas. 


For the opportunity of seeing patients in private consultation, grateful acknowledgment 

is made to: Dr. Burrill B. Crohn (for Case 9, nontropical sprue); Dr. Rudolph Schindler 
for Case 6, pancreatic lithiasis, calcification, and pancreatic cirrhosis); Dr. Moses Behrend 

for Case 2, pancreatic cirrhosis); Dr. W. Wayne Babeoek for Case 10, choledocholithiasis ; 

and Case 8, biliary cirrhosis and choledocholithiasis) ; and Dr. W. Emery Burnett (for Case 


7, hepatie cirrhosis 
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INTRAVENOUSLY ADMINISTERED GELATIN—A TOXICITY STUDY 


30yp EB. GranHAM, BS.. 
POMEROY, AND GEORGE F’, CARTLAND, PH.D. 
KALAMAZOO, MICH. 


Mitton J. VANDER Brook, PH.D., Sranutey C. Lystrer, 
NOEL Ie 


TIS generally recognized that an infusion of blood or plasma is the most 

effective means of compensating for fluid loss whieh oeceurs in hemorrhage 
and shock of various types. Since blood and plasma are not always immediately 
at hand, however, it is desirable that a plasma substitute be found which is in- 
nocuous, effective, inexpensive, and readily available. 

The recent literature records that substitutes somewhat less effective than 
plasma in restoring circulating fluid volume, but much more effeetive than 
erystalloidal solutions, are aqueous solutions of macromolecular substances, such 
as gelatin, gum arabic, pectin, ovalbumin, polyvinyl alcohol, and methyl cel- 
lulose. Gelatin'*" appears to possess desirable characteristics to a greater degree 
than most of the other macromolecular substances mentioned. 

Observations in this laboratory on the toxie effects in animals of infused 
eelatin solutions which were subsequently tested for efficaey by laboratory animal! 
experimentation! '* and clinieal investigation 1! ?* ?° confirm the findings of 
others in many respects. Some of the undesirable properties of gelatin, how- 
ever, such as impairment of the production of plasma proteins and hemoglobin,'* 
and degenerative and proliferative arterial lesions of the sclerosing type 
reported by Heuper® in dogs, are apparently observed only when large amounts 
of highly concentrated gelatin solution are repeatedly infused into the blood 
stream of intact animals, thus placing a severe strain on the cireulatory system. 
When a5 to 8 per cent gelatin solution is infused into dogs or human subjects 
suffering fluid loss from hemorrhagie, traumatic, or burn shoek in 
approximately equal to the amount ¢ 


amounts 


f tlnid whieh has eseaped, sueh untoward 
effects have not been reported, 

The experiments herewith presented were designed to test whether or not 
the cireulatory svstem of dogs under the stress of light anesthesia and severe 
ood loss could tolerate large quantities of 5 per cent gelatin administered in 
livided doses over a period of several weeks. 

The solutions ot velatin® were prepared by electrodialysis Ot OSSeOUS cal 

im gelatinate. The 5 per cent solutions preserved with phenyl-mercuric- 
mate, 1:25,000, were degraded by autoclaving to obtain a mean molecular 
eight of 20,000 (number average These solutions were nonantigenie and 
mpvrogenie. 

EXPERIMENTAL, 
Nine mongrel di 


ed of 29 to 54 per cent of their estimated blood volume at weekly intervals for periods 


ys supplied with a high protein diet supplemented with raw liver were 


two to thirteen weeks (average, seven weeks). The blood, aseptically removed from the 
From the Research Laboratories, The Upjohn Compan) 
Received for publication, April 28, 1947. 
*Supplied by Dr. S. H. Eppstein, of these laboratories 
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exposed jugular veins under light ether anesthesia, was replaced at the same site by infusion 
of 5 per cent gelatin solution in amounts equal to 80 per cent of the blood removed. Con 
trol animals consisted of two dogs bled just as severely as those mentioned, but with no 
parenteral fluid replacement, and twenty apparently healthy dogs with no treatment what 
soever, 

At intervals determinations of plasma protein and gelatin concentration in plasma, 
urine, and aqueous tissue extracts* were made by the method of Waters4 which makes use 
of the fact that gelatin is not precipitated by trichloracetic acid but is precipitated by 
cid tungstate. Plasma protein nitrogen was thus determined by the usual Kjeldahl technique 
on the trichloracetic acid precipitate and gelatin nitrogen by difference between nitrogen 
contents of the acid tungstate and trichloracetic acid precipitates. The usual methods 
were employed for determination of red cell volume, hemoglobin, red cell count, white 
cell count, and sedimentation rate.? 

Extensive pathologic studies on tissues of experimental and control dogs were done. 

On one of the nine dogs, a celiotomy was performed both prior to and one week 
after a series of six hemorrhages and gelatin infusions. Liver tissue was removed and 
examined at these times. Seven weeks later this dog was sacrificed and the tissues examined 
A second dog was bled and infused with gelatin five times after a celiotomy had been 
performed for removel of liver tissue. He was sacrificed two weeks after the last hemorrhag 
and infusion. 

RESULTS 

Repeated massive hemorrhages and infusions of purified gelatin in dogs 
under the conditions described produced no notable changes in deportment 
or body weight (Table I). The only gross disturbance observed was the forma 
tion of thrombi at the sites of injection in some dogs which Patek and co-work 
ers** have demonstrated to be due to the mercurial preservative employed. 
Histologic examination of the jugular veins at autopsy revealed no changes it 
the intima. Considerable wcar tissue formed about these veins, presumably 
due to the surgery involved, and fluid regurgitated into surrounding tissue whe} 
the needle was withdrawn. Wound healing was not impaired. There was no 


indication of the presence of pyrogenic or antigenic material in the gelatin. 


TABLE I. SHOWING THE EFFECT OF REPEATED MASSIVE HEMORRHAGES AND GELATIN INFUSION 
ON THE Bopy WEIGHTS Or Docs 


NUMBER OF CHANGE IN AMOUNT AMOUNT OF 
HEMORRHAGES INITIAL BODY BODY OF BLOOD 5% GELATIN 
AND INFUSIONS W EIGHT WEIGHT REMOVED INFUSED 

DOG (WK. (KG. KG. ) (ML. ) (ML. ) 
d 13 PAR L296 D668 1.534 
» 12 12.4 t 6.4 7.566 5.893 
4 o 19.8 0.2 None 
5 12 15.6 1.8 None 
6 7 15.5 113 2 896 
10 7 9.5 0.8 1,800 
cE | 7 13.4 + OJ 2,824 
12 2 11.6 + 2.4 725 
13 2 10.2 + 0.7 520 
14 6 19.8 =13 9 524 
15 5 19.0 0.8 1,928 





*Weighed quantities of kidney and liver from both control and gelatin-infused dos 
were thoroughly macerated with saline in a Waring blendor. Gelatin in the supernatant flu 
was determined by the method used for plasma gelatin. 

7By Dr. Walter Schiller and Dr. Bruno Volk. 
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Examination of blood and plasma during the experimental period revealed 
that the changes observed in hemoglobin and plasma protein levels could be 
accounted tor by the severe hemorrhage alone and were not markedly affected 
by the infused gelatin (Tables II and IIT). 

TABLE II. HEMOGLOBIN, RED CELL VOLUME, AND PLASMA PROTEIN NITROGEN LEVELS OF DOGS 


SUBJECTED TO WEEKLY MASSIVE HEMORRHAGES BOTH WITH AND WITHOUT 
REPLACEMENT OF THE WITHDRAWN BLOOD BY GELATIN SOLUTION 


TEST GROUP CONTROL GROUP 
(WITHDRAWN BLOOD REPLACED BY GELATIN ) NO PARENTERAL FLUID REPLACI 
MEN’ 

poGc 2 pog 3 poe 6 DOG 4 poc 5 
He, |CELL | PPN Ho, |\CELL| PPN He, |CELL| PPN He, |CELL| PPN He, |CELL| PPN 
TIME (GM.|/ VOL. |(Mg.} (GM.|/ VOL. |(Mg.| (GM.| VOL. |(Mg.| (GM.| VoL. |(Mg.| (GM.| VOL. | (Mg. 
WK. ) Cf, ) CZ Ch CO ) (%) Gp ) Cp ) f Cf ) % ) (%) Oo ) % ) (% % ) 
] {8.1 1,010 14.0 45.6 843 16.5 48.9 978 20.8 58.8 924 11.6 36.4 811 
Z 13.2 44.0 939 8.9 31.8 825 18.5 55.0 1.025 13.6 44.4 890 8.9 31.3 865 
o 123 46:8 977 11.0 41.4 849 13.9 44.1 1,022 11.0 36.6 838 9.5 32.1 728 
} 11.2 39.6 1,006 11.4 40.8 735 31.3 873 9.9 36.3 903 
5 (No hemorrhage 14.8 46.8 S86 10.4 37.5 914 9.3 32.5 923 

or infusion 

6 13.8 46.8 969 12.6 45.6 829 9.3 35.0 tae VEE 
Vf 11.6 40.8 S79 14.0 46.8 S86] 31.3 919 9.9 35.0 855 

S 11.0 40.8) 904 13.4 45.0 847 LO: St. 
, 10.7 39.6 992 14.6 47.5 926 30.0 S17 
10 11.0 40.8 904 13.4 43.8 840 9.4 35.0 876 

1] 9.5 35.4 908 11.6 40.6 797 Ot Soo 
12 9.7 32.9 956 12.8 45.0 792 7.9 30.5 948 

13 Ba Ole SUS 
14 9.7 36.0 889 


TABLE IIIT. ILLUSTRATING TYPICAL RATES OF PLASMA PROTEIN REGENERATION AND DISAPPEAR 
ANCE OF PLASMA GELATIN IN DoGs (DATA FROM DOG 3 OBTAINED ON TENTH WEEK OF 
HEMORRHAGE AND INFUSION STUDIES; FOR FURTHER CONDITIONS 
OF EXPERIMENT, SEE TEXT) 


PLASMA PROTEIN PLASMA GELATIN SEDIMENTATION 
TIME NITROGEN NITROGEN RATI 
(HR. MG. %) MG. %) (MM/HR, 
Before hemorrhage 840 0 1.0 
Blood withdrawn (658 ml. o1 
3.6% of body weight) and 
520 ml. of 5% gelatin in 
fused 
1/4 326 281 70.0 
2 435 178 56.0 
4 482 139 59.0 
‘ 54] 110 37.0 
1] 566 90) 0.0 
16 §21 65 97.0 
99 701 35 28.0 
30 730 32 27.0 
48 774 18 13.0 
168 797 12 1.0 


The sedimentation rate of erythrocytes was greatly accelerated by the in- 
lused gelatin. In most instances the sedimentation rate decreased approxi- 
mately at the same rate as the gelatin concentration in the plasma decreased. 
In all instances, the rate had returned to normal the following week (Table III). 
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Plasma gelatin determinations revealed the presence of approximately 80 
per cent of that infused at one-fourth hour after infusion, 50 per cent at four 
hours, and 25 per cent at sixteen hours. Urine gelatin determinations revealed 
that only 37 to 62 per cent of the gelatin infused was excreted unchanged 
(Table IV). This occurred within twenty-four hours. Gelatin determina 


tions on aqueous extracts of the liver and kidneys of one dog at autopsy eight 





davs after thirteen infusions indicated that there was no free gelatin stored 


in these oreans. 


TABLE ITV. RATE Of APPEARANCE OF GELATIN IN URINE FOR THREE SUCCESSIVE WEEK: 
Dara From Dog 


FIRST WEEK SECOND WEEK rHIRD WEEK 
AMOUNT Of AMOUNT Of} AMOUNT OF 
GELATIN IN iELATIN IN GELATIN IN 
PERIOD AFTER URINI PERIOD AFTER URINI PERIOD AFTER URINI 
INFUSION (UY OF GELATIN INFUSION { OF GELATIN INFUSION { OF GELATID 
(HR. ) INFUSED (HIR. INFUSED (WR. ) INFUSED) 
- )-2 38.5 0-6 IS.S 0-6 36.7 
2-16 25.0 6-18 1S.5 6-18 20.3 
16-40 0 
Total excreted 61.5 del 57.0 


Observations at autopsy revealed no gross pathology, except for scar tissu 
and thrombi in some instances at the sites of bleeding and gelatin infusion as 
noted previously. 

Histologic examination of the heart, coronary vessels, aorta, carotid arteries 
jugular veins, and renal arteries showed, in some instances, changes attributabl: 
only to prior disease. There was no vacuolization or subendothelial edema o! 


the arteries and arterioles. Sections of the trachea, lunes, stomach, intestines, 





spleen, gall bladder, adrenals, striated musele, brain, meninges, and gonads 
likewise showed no changes attributable to gelatin. 

The parenchyma of the liver was normal. Many of the Kupffer cells, how 
ever, in all gelatin-infused dogs contained sudanophile droplets. Those in the 
areas of the acini around the periportal fields were most affected. The Kupffer 
cells in nine of twenty-four control sections of liver tissue showed moderat 
fat staining. The Kupffer cells of human liver, according to Levine? normal 
contain neutral fat. The Kupffer cells of one of the dogs from which a portior 
of the liver was removed prior to gelatin infusions were fat-free. Immediate 
after completion of the series of Infusions, the Kupffer cells were loaded wi 
sudanophile droplets. At autopsy, seven weeks later, the same conditi 
obtained. The nuclei of the Kupffer cells appeared normal in all cases. 

Histologic examination of the kidneys of gelatin-infused dogs showed, 
some instances, slight departures from the normal. The epithelial cells of 
tubules of the proximal convolutions were sometimes swollen and oceasiona 
vacuolated. Sinee gelatin is cleared through the kidneys, it is conceivable t! 


in some animals it may have been responsible for the slight pathology obsery 
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CONCLUSIONS 


A highly purified and highly degraded 5 per cent gelatin solution pre- 
pared especially for intravenous therapy in human subjeets was well tolerated 
hy dogs when given repeatedly for several weeks in amounts commensurate 
with the fluid lost ly hemorrhage. The only morphological pathology which 
might be attributable to gelatin in this series of dogs was the presence or in- 
crease of sudanophile droplets in the Kupffer cells. The significance of sueh a 
change is not known. It appears that the function of the Kupffer cells was not 
materially altered. None of our dogs developed infeetion of the respiratory 
tract or at the sites of bleeding and infusion, 

The vascular pathology deseribed by Hueper® was not observed in our 
series. Although Morehead and = Little?! found degenerative and reparative 
changes in the vascular system of their gelatin-infused dogs, they concluded that 
the lesions were not due to gelatin since similar changes were present in their 
control series. 

Of the blood constants determined, only the sedimentation rate was altered 
by gelatin. This phenomenon is common to all macromolecular substances and 
occurs also when plasma protein concentrations are elevated. Gelatin did not 
interfere with the formation of hemoglobin or plasma protein, both of which 
were partially depleted at each hemorrhage, when infused weekly for periods 
as long as three months. 

Gelatin appears not to be stored in the liver or kidneys. A major portion 


is excreted by the latter. The fate of the balance is unknown. 


SUMMARY 


1. Gelatin solutions prepared for intravenous therapy proved innocuous 
to dogs when administered intravenously following repeated massive hemor- 
rhagves over a period ot several weeks. 

2. Vaseular pathology was absent. The presence or increase of sudanophile 
droplets in the Kupffer cells was the only morphologic change attributable to 
eelatin, 

3. Gelatin did not interfere with the formation of hemoglobin or plasma 
rotein and appeared hot To he stored in the liver or kidneys, A major portion 


as exereted by the kidneys. 
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ATTEMPTS AT THE EXPERIMENTAL PRODUCTION OF 
ARTHRITIS 
RaLPH PEMBERTON, M.D., JouHN Erman, M.D., F. M. Stmuons Parrerson, M.D., 


‘Np ELEANOR A. STACKHOUS 
PHILADELPHIA, Pa, 


RELATIONSHIP of the endocrine system to the phenomena of arthritis 
A has long been suspected. Even before the development of modern endo- 
crinology, it was recognized that the menopause seemed to have a significant in- 
fence upon the development of hypertrophic or osteoarthritis, and the term 
arthritis of the menopause appears in the literature as far back as 1855, 

Recently an attempt has been made by one of us (R. P.), in conjunetion 
with Seull, to integrate known and suspected factors within the neuroendocrine 
field in the pathogenesis of rheumatie disorders.! 

Efforts have been made to simulate in experimental animals the phenomena 
of arthritis In some of its manifestations by means of injection of hormonal 
material, by the ablation of certain hormone-vielding organs, and by other 
steps of the kind. Among the most significant studies in this connection have 
heen those ot the Silberberes? who have succeeded in producing some ot the 
pathologie picture of hypertrophic or osteoarthritis in experimental animals by 
injection of extracts of the pituitary. Another attempt of the same general nature 
has been made by Selve,’ who describes the induction of a number of phenomena 
characteristic of the arthritic state as the result of the injection of desoxy- 
corticosterone acetate with the exhibition of certain other concomitant influences. 

Selve® reports that the administration of desoxycorticosterone acetate in 
comparatively large doses causes the formation otf ‘‘ Aschoff bodies in the heart 
and the presence of periarteritis nodosa, a condition occasionally seen in man 
following an attack of rheumatic fever. Since in addition choreiform twitches 
and a few rare eases of arthritis were encountered in desoxycorticosterone 
acetate treated animals, it may be said that all the elements of the complex 

eumatie svndrome were reproduced in experimental animals. ’’ 

He further states, ‘‘The arthritic lesions, which are rarely seen in the intact 
lesoxyeorticosterone acetate treated rat, develop with great frequency in 
milarly treated thyroidectomized or adrenalectomized animals, especially it 
ese are kept in cold surroundings. ”’ 

He also says, ‘‘ Previous experiments revealed that unilateral nephrectomy 
| sodium chloride treatment increase the sensitivity of rats to many over- 
sage effects of desoxycorticosterone acetate.’’ In his experiments ‘‘all animals 
re sensitized by ablation of the left kidney 5 days before injections were 
rted and given 16 NaCl to drink beginning on the day ot operation.’’ 

It is obvious that importance attaches to conclusions of this nature and it 
s therefore decided to repeat, so far as possible, Selve’s experiments. 

From the Abington Memorial Hospital, Abington, Pa. 

The expenses of this investigation were met, in part, by a grant in the name of Francis 


n Poultney. 
Received for publication, May 5, 1947. 
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FIMAN, 






Experiment 1 (Divided Into Three Groups). 






Group A: Eight female albino rats weighing 20 grams each were put on 


lox chow plus 1 per cent NaCl to drink, and six of them were given injections 





of 3 mg. desoxycorticosterone acetate* twice daily for forty-two days. To serve 





as controls, two received no injections. The temperature of the animal room 





varied from 55 to 80° FL Three of the six injected rats showed some redness 





and swelling of the hind feet and knee joints eleven to eighteen days after 





injection. This subsided and reoccurred from time to time, disappearing before 





autopsy. The two controls showed no gross lesions. At autopsy six of the eight 





rats, including both controls, were found to have parasitic infection of the 





livers, the parasite being a strobilocereus of the Taenia Taeniaformis, a eommon 

















Fig. 1.—One articular surface of experimentally induced arthritis shows focal destructior 
of cartilage and underlying bone. The normal tissues are replaced by seminecrotic material 
proliferating cartilage, and fibroblasts. 


tapeworm of the domestic cat, the intermediate host being rats and mice. Sec 
tions were made of the hind legs and feet. The three affected rats showing gross 
swelling revealed microscopic joint changes. These were slight proliferation o 
the capsule with the lining of the cells piled up over a small ulcer in some places 
loss of cartilage; a proliferation of fibroblasts replacing the ulcerated cartilage 

marked focal destruction of articular cartilage on both articular surfaces; and 
adhesions extending from one ulcerated area to the other with loose connecti\ 


tissue replacement (Fig. 1). 





*The desoxycorticosterone acetate used in these experiments was made available throu: 
the courtesy of Dr. Edward Henderson, Director, Division of Clinical Research, Schering C: 
poration, Bloomfield, N. J. 
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Of the two control rats receiving no injections, one leg joint of one rat 
showed one-third of the joint surface of the cartilage to be replaced by irregular 
masses of proliferating connective tissue. 

Group B: A similar group of eight rats was given I’ox chow and plain 
water to drink and was injected identically with Group A, in the same room, at 
the same time, for the same length of time, to determine whether the absence 
of 1 per cent salt made the animals more or less susceptible to arthritis. There 
Was never any gross redness or swelling. One injected rat died. One control 
was not sacrificed. At autopsy, of the five injected rats and one control, three, 
including the control, were found to be infeeted with parasites. Sections of the 
hind legs were made and only one of the injected rats showed any joint change. 
In this animal one joint surface showed a necrotie area in the eartilage. 

Within the joint cavity of another joint, seminecrotie tissue was observed 
to be attached to the synovia. The control rat was negative. 

Group C: At the same time eight rats varving in weight from 25 to 86 
grams were put on Fox chow plus 1 per cent NaCl, and four were given injec- 
tions. The remainder served as controls. All were placed in a room without 
heat where the temperature was 40 to 55° C. The four injected rats died in a 
few days and four more, weighing 116 to 122 grams, were substituted. The con- 
trols which did not sueeumb weighed 82 to 86 grams. The experiment was dis- 
continued after thirty-five days, since there was no gross redness or swelling. 
At autopsy no liver parasites were found. One control rat and the four injeeted 
rats were sectioned. One test rat showed proliferation of connective tissue from 
the synovia into one joint cavity. 

It may be concluded from this experiment that : 

1. Young rats, overdosed with desoxyeorticosterone acetate and given 1 
per cent NaCl to drink, showed joint changes in 50 per cent of the experimental 
animals, somewhat resembling certain phases of hypertrophie or osteoarthritis 
found in man. Some joint change of similar nature was seen in one joint of one 
control. 

2. The subjection of experimental rats to environmental cold, as deseribed, 
loes not substantiate Selye’s findings, since no evidence of gross swelling or 

rippling resulted. 

3. The rats not ingesting salt showed no marked incidence of gross or 
\icroscopie changes in the joints. 

Experiment 2.—This experiment was carried out on MmMononephrectomized 
nd bilateral adrenalectomized rats. The following steps were employed in each 
perative procedure : 

1. The rat was anesthetized with ether. 

2. The rat under anesthesia was secured to an operative board of soft wood 

means of rubber bands looped about the feet and over hooks which were 
‘tached to the board. 

3. The operative area was clipped with scissors and then shaved. 

4. The skin of the operative site was painted with tincture of metaphen. 


». Sterile draping of the operative site was performed. 
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6. The surgeon used sterile gloves after thoroughly serubbing his hands 
with soap and water. 

7. Sterile instruments were used throughout. 

8. After the operation had been completed, the rat was kept in a warm 
cage until out of anesthesia. 

The surgical technique employed in each experiment is now given in detail 

Technique of Unilateral Nephrectomy and Bilateral Adrenalectomy: Ether anesthesia 
was used and the rats were placed in a prone position. A dorsal midline incision was made 
through the skin at the level of the kidneys. The subcutaneous fascia was incised on the right, 
exposing the muscle. A longitudinal incision was then made along the lateral border of the 
right dorsal muscle mass. The muscle was retracted medially and the kidney and adrenal 
exposed. The right kidney and adrenal were delivered. The kidney pedicle was ligated with 
No. 00 plain catgut and the kidney and adrenal excised. Similar exposure was then made 
on the left side. The kidney was delivered and the adrenal was displaced upward, detached 
from the upper pole of the kidney, and removed. The kidney was returned to its anatomic 
position. The skin was then closed with interrupted fine silk sutures. 

Thirteen female albino rats weighing from 40 to 50 grams were mononephrectomized, 
and seven of these were bilaterally adrenalectomized. They were given 1 per cent NaCl to 
drink and Fox chow. Five days later, weighing 65 to 90 grams, they were given injections ot 
3 mg. of desoxycorticosterone acetate twice daily for twenty-eight days. This was given to 
the seven adrenalectomized, mononephrectomized rats and to four of the six mononephree 
tomized rats. The mononephrectomized and one intact rat were kept as controls, receiving no 


injections. They were all kept in a warm room. 


No redness or gross swelling was observed. At autopsy none of the rats 
showed parasitie infestation. The hind legs were examined microscopically with 
the following results: 

1. Two of the seven adrenalectomized, mononephrectomized rats showed 
some joint changes. 

2. One of the four mononephrectomized rats developed a joint showing 
practically complete obliteration of the joint cavity due to adhesions of adult 
connective tissue between both articular surfaces. The same joint showed 
destruction, and connective tissue replacement, of articular cartilage. 

3. One control rat, nephrectomized, showed slight absorption of cartilag 
and slight proliferation of endothelial cells at the attachment of the synovia. 

It is evident from these experiments that the operations discussed did not 
contribute further to the development of arthritis. Normal rats overdosed wit! 
desoxycorticosterone acetate showed more evidence of joint changes than did 
those operated upon. 

Experiment 3.—Hight rats were mononephrectomized and thryoidectomized 
as follows: 

The previously described technique for unilateral nephrectomy was observe: 
The animal was then placed in the dorsal position for thyroidectomy. TT! 
head of the animal was kept in extension by means of a rubber band looped 
over the upper incisors. A ventral midline incision was made in the neck. T! 
salivary glands were freed at the midline and retracted laterally. The stern 
hyoid muscle was divided in the midline. The thyroid Was exposed by caret 
blunt dissection with a small curved hemostat. The gland was grasped wi! 
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tooth forceps, and while retraction was exerted upward and laterally the gland 
was dissected free from its attachments by means of a needle. Bleeding was 
negligible when the gland was removed by this technique. The skin was then 
closed with interrupted fine silk. 

live days after operation, the eight rats were injected with 38 mg. of 
desoxycorticosterone acetate twice daily for a total of ninety injections. 

None of these rats showed any gross redness or swelling. One died at five 
weeks. Since these rats showed no eross evidence of arthritis, it was decided to 
add one more stress in the form of an injection of bacterin or bacterial toxin. 
This, when given to human beings, often causes a systemie reaction such as 
chills and fever. With this thought in mind, it was decided to subject these 
operated rats, overdosed with desoxycorticosterone acetate, to increasing doses 
of whole t\ phoid bacterin and serobacterin. 

The remaining seven rats were divided into three groups: 

Two rats were given .3 ml. of typhoid whole bacterin. 

Three rats were given .8 ml. of serobacterin typhoid. 

Two rats were not given any bacterin, being left as controls. 

Two normal rats were used as controls on the baeterin alone, one receiving 
the serobacterin, the other, the whole bacterin. The doses of bacterin were given 
at five-day intervals and increased to 1 ml., the schedule of dosage being .3, .6, .8, 
Il ml., and 1 ml. Since these injections did not seem to have any gross effeet 
on the health of the rats, all were sacrificed and autopsied. 

The two control rats, receiving typhoid bacterin only, showed no joint 
changes, 

Of the three remaining rats, only one of which had received typhoid 
bacterin, all showed extensive ulcerations and connective tissue replacement of 
articular cartilage by fairly adult connective tissue. 

The two control rats, receiving typhoid bacterin only, showed no joint 
Changes. 

This experiment with mononephrectomized, thyroidectomized rats subjected 
to overdosage of desoxycorticosterone acetate and the addition of typhoid 
bacterin did not increase the extent or incidence of joint changes. 

Experiment 4.-Another group of fifteen rats weighing 380 grams was 

cated as follows: 

Seven were mononephrectomized as previously deseribed, and = ovariee 

mized. 

Four were ovariectomized. In one the testicles were removed. 

Technique of Bilateral Oophorectomy: Ether anesthesia was used and the rats were 

‘ed in a prone position. The right ovary was exposed through the thin muscle wall just 
ow the dorsal muscle mass. Hemostasis was then insured by ligation of the upper horn 


the uterus on the right side with No. 00 plain catgut. The right ovary and the oviduct 


e then removed. A similar technique was used to remove the left ovary and oviduct. The 
n incision was closed with interrupted fine silk sutures. 

Three of the fifteen rats were left intact as controls. All were put on Fox chow and 
er cent NaCl. Five days after operation all were given 3 mg. of desoxycorticosterone 
tate twice daily for thirty days, a total of sixty injections. 
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The rats gained weight and showed no gross evidence of arthritis. All were sacrificed 


and autopsied. There was no parasitic infection of the livers. 


One rat which had a stitch abscess for twenty days before the infected 
stitch was removed and the lesion healed was watehed especially to see if it 
would show any joint involvement due to the added stress of infection ; it did not, 
however, and Microscopie findings of its joints were negative. 

The results of this experiment were: 

Three of the seven mononephrectomized, gonectomized rats had some minor 
changes of the cartilage and underlying bone of the leg joints. 

Two of the five ovariectomized rats had a few small foci of erosion of 
articular cartilage extending down to the bone. 

Two of the three control rats, having no operations, showed focal ulcerations 
or erosion of cartilage in some places extending down to the bone. 

This experiment reveals that the operative procedures of mononephrectom) 
and ovariectomy, or ovariectomy alone, do not lead to joint changes resembling 
‘‘rheumatie and rheumatoid conditions in man’’ with a frequency greater than 
in normal rats which are unoperated and overdosed with desoxycorticosterone 
acetate. 

Since the controls in these experiments showed some joint change, a food 
experiment was conducted. 

Experiment 5.—Twenty male and twenty female rats, most of them weighing 
30 to 50 grams, a few weighing up to 100 grams, were divided into four groups, 
five of each sex of varying weight in each group. Both sexes were ineluded to 
ascertain if one sex were more prone to arthritis than the other. 

Group 1 was given Fox chow plus 1 per cent of NaCl. 

Group 2 was given Fox chow plus 2 per cent of NaCl. 

Group 3 was given Fox chow plus plain water. 

Group 4 was given no Fox chow, but bread, greens such as lettuce or celery, 
and water. 

All groups were kept on schedule during the summer months, from June 15 
to September 26, when they were sacrificed with the following results: 

1. None of the rats at any time showed any gross evidence of arthritis. 

2. All rats of the group on 2 per cent NaCl were stunted in growth, seal) 
dirty, and emaciated. They gained weight, but slowly. 

3. Twenty-three of the thirty rats eating Fox chow showed liver parasites. 

4. None of the rats, male or female, of Group 1 or 2 showed any microscopic 
joint changes. 

5. Only three of Group 8 showed any microscopic joint change, this bein: 
found in female rats only. This joint change is described as fairly extensiv: 
destruction of articular cartilage with adhesions between articular surfaces. 

6. Group 4, however (not on Fox chow), showed no liver parasites, was 
grossly healthy, and gained weight at a normal rate, but microscopically six 
of seven presented joint changes. 

These joint changes constituted the most marked microscopic findings « 


the entire group of experiments undertaken, 
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The changes consisted of a fairly extensive destruction of articular cartilage, 
ulceration, and adhesions connecting the ulcerating surfaces (Tig. 2). 

Kinally, reviewing all the variations carried out in these five experiments 
and the results obtained, the work was coneluded by repeating the first experi 
ment. 





ke 


Fig. 2.—One articular cartilage, in experimentally induced arthritis, shows a superficial ulcer in 
which the cartilage cells have been replaced by seminecrotic material. 


) 


Experiment 6.—Rats of our own raising, weighing 30 grams, were used. 
‘veral were sacrificed before beginning the experiment to see if they were free 


+ 


liver parasites. The Fox chow was sterilized, as were all the cages, to 
iminate, if possible, parasitic infestation, 

It was decided to use two preparations of desoxycorticosterone acetate; a 
>meg. emulsion of ervstalline desoxycorticosterone, and a5 me. in 1 ml. of peanut 


oil. 


Sixteen rats weighing 380 grams were used. Eight were given 3 mg. of the 
mulsion twice daily. Two were kept as controls with no injections. Six were 
iven .5 ml. intramuscularly twice daily of the oil preparation one dose in the 
uscle of each hind leg. <All were given sterilized Fox chow and 1 per cent 

NaCl for drinking water. The eight rats received injections for a period of 
irty-nine days, at which time injections were discontinued. 

There was no eross evidence of arthritis in either test or control rats, and all 
‘re sacrificed twenty-seven days later. The six rats on oil preparation showed 
ich edema of the hind legs and feet which was believed to be unabsorbed oil. 

The rats received a total of 18 ml. per rat over a period of twenty-four 
vs. The day after the last injection one of these rats was sacrificed and 
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about 7 ml. of oil were aspirated from the tissue of the hind legs and the peri- 
toneal cavity. The remaining animals were kept on their food, plus 1 per cent 
salt solution for thirty-three days longer to allow for further absorption of oil 
and subsidence of edema. 

At autopsy no liver parasites were found. Eight of the sixteen rats, one 
of which was a control, or 50 per cent, showed focal destruction of cartilage and 
ulceration of cartilage with loose connective tissue stretching aeross the joint 
cavity from uleer to ulcer. Some of the underlying bone was seminecrotie in 
the oil-treated rats (Fig. 3). These joint changes were most marked in the 


oil-treated animals. 


* 


¥ 





<h'? 
Callie. ll 


_ Fig. 3.—Focal destruction or ulceration of cartilage and underlying bone on opposing 
irticular surfaces in experimentally induced arthritis. The ulcerated areas are joined by a ban 
rr adhesion of young connective tissue which stretches across the joint cavity. 


COMMENT 


It is accepted that so-called spontaneous arthritis occurs sometimes in experi 


mental animals for reasons that are not clear. In an attempt to meet this 
situation efforts were made to eliminate the influence of parasitie infection 
which was encountered in Experiments 1 and 2. By the same token, dieteti 


experiments were conducted to show that experimental rats on a_balaneed 
diet do not show the arthritic changes encountered in the rats fed an unbalance: 
diet. Evidence has been adduced that there may be an apparently spontaneou 
occurrence of arthritis in rats due to a ‘‘pleuro-pneumonia-like’’ organism 
Normal animals, however, may also harbor this organism. The animals, in t 
series here reported, that showed arthritis gave no clinical evidence of system 
illness and autopsy revealed no pneumonitis or other evidence of pulmonat 


disease. 
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It is further to be observed that as far as so-called spontaneous arthritis 
is concerned, a chief conclusion of this work has to do with failure to reproduce 
arthritis as the result of certain operative procedures followed by administration 


of desoxyecorticosterone acetate. 


SUMMARY 


Arthritice-like lesions were encountered in groups of rats maintained on 
standard laboratory rations and on erossly unbalanced diets and in animals 
recelving injections of massive doses of desoxycorticosterone acetate. In one 
vroup receiving massive doses of desoxycorticosterone acetate, together with a 
one per cent NaCl solution for drinking water, joint changes were formed in 50 
per cent of voung female white rats. These results are at variance with the 
findings of certain other workers that arthritie lesions are rarely seen in intact 
desoxycorticosterone-treated rats. Attempts to increase the incidence and 
severity of these arthritie-like lesions by exposure to cold, by thyroidectomy, 
adrenalectomy and gonadectomy were unsuccesstul. The changes observed in 
the joints are those of foeal areas of degeneration and ulceration in the articular 
cartilages. 
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STUDIES ON THE NEPHROTOXIC ACTION OF 
H-SERINE IN THE RAT 


LUI. Tre INFLUENCE OF EXPERIMENTAL HYDRONEPHROSIS 
Max WacusteIn, M.D. 
MippLetown, N.Y. 


1 


F XTENSIVE renal necrosis in the kidneys of young male rats has been 
shown to be caused by di/-serine (a-amino-B-hydroxy propionic acid) 
The protective action of various amino acids and related compounds against the 


previous communication, dl 


damaging action of d/-serine*” was reported in i 
methionine and glutathione exert a considerable protective influence. This is 
probably not due to SH-groups since eysteine and thioglycolic acid have only 
small beneficial effect and 2.3-dithiopropanol (BAL) has none. dl-alanine, 


elyeine, dl-threonine, glyeolie acid, butyrie acid, and pyruvie acid have a marked 


protective influence. / histidine monohydrochloride and lactic acid afford 
appreciable protection, and / arginine monohydrochloride and dl-valine, 
moderate protection. Some influence was seen from / glutamic acid, while 


elucose, sodium acetate, and sodium chloride were without effect. It is postulated 
that the protective action of these substances is due to their competitive sup 
pression at tnladley reabsorption of the injurious d/-serine. The present report 
deals with the nephrotoxic effect of d/-serine in the presence of hydronephrosis 
ot one kidney. 

METHOD 


} 


Sixteen adult male albino rats from the Wister strain were used. Their weight varie 


between 195 and 360 grams. Adult maie animals were previously found to be as susceptibl 


as young rats to the nephrotoxie action of dl-serine.6 The left ureter was ligated unde 
sodium amytal anesthesia. dl-serine was injected 1, 3, 4, 6, 7, 8, 9, 12, 24, 40, 64, 88, 112, an 
136 hours after ligation of the ureter. One hundred milligrams of d/-serine dissolved in 3 ml 
of distilled water were given for each 100 grams of weight by intraperitoneal injection, The 
animals were sacrificed twenty-four hours later. Tissues were fixed in formalin and staine 
with hematoxylin-eosin. Alkaline phosphatase activity was demonstrated with Gomori’ 
method? as modified by Kabat and Furth’ in tissues fixed in cold acetone, The incubatior 
ime in the substrate mixture was two hours No counterstain was used. 
RESULTS 


In all animals the kidneys with uninterrupted urinary flow showed exte) 
sive neerosis in the region of the cortico-medullary junetion. On gross examin: 
tion a small, irregularly shaped strip of grayish discoloration at the innermos 
portion of the cortex indicated the necrotie area (Fig. 1). The epithelium « 
many tubules in this area was almost completely destroved (Fig. 2). Wit 
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NEPHROTOXIC ACTION OF d/-SERINE IN| RA‘ 113] 
the help of vital staining with lithium carmine and by the maceration and 
dissection technique of Oliver,” the kidney damage was localized to the terminal 
segments of the proximal convoluted tubules. There was no significant differ- 
ence in the extent of renal necrosis in the obstructed as compared with the 
unobstructed kidney when d/-serine was given within three hours after the 
ligation of the ureter. In the kidneys that had been obstructed from four to 
seven hours, the extent of the necrosis was considerably decreased. In one of 
the experiments, only few neerotic tubules were seen in the hydronephrotie 
kidney of a rat injected with d/-serine six hours following the ligation of the 
ureter (Fig. 3). In all animals in whieh d/-serine was given eight or more hours 





Fig. 1.—The kidneys of a male rat weighing 210 grams which was given 210 mg. dl-serine 
intraperitoneal injection six hours after ligation of the left ureter. The animal was sacrificed 
venty-four hours later. The unobstructed right kidney (top) shows an irregularly shaped strip 
f discoloration at the cortico-medullary junction, indicating the necrotic area. The left kidney 
ittom) shows hydronephrotiec dilatation without the necrotic area seen in the other kidney. 
proximate magnification, «2. 


lowing the obstruction of the ureter, a similar degree of almost complete pro- 
‘tion in the obstructed kidney took place. Only very occasional tubules 
ere necrotic. The kidneys in which the ureter had been ligated showed the 
pieal gross and microscopic changes of experimental hydronephrosis increasing 
intensity with the duration of the experiment.'° 

Phosphatase activity was normal in animals which were killed within 
irty-six hours after the ureter had been ligated. Considerable decrease in 
osphatase oceurred in the remaining animals in which the obstruction had 
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NEPHROTOXIC ACTION OF d/-SERINE IN RAT 1133 
lasted for a longer time. The neerotie cells in the damaged proximal convoluted 
tubules of the unobstructed kidney revealed phosphatase activity as previously 
deseribed.® 

COMMENT 

Depression of the nephrotoxie action of mereury bichloride as early as 
fourteen to twenty-four hours following ligation of the ureter was deseribed 
by Elbe" in 1905. Elbe’s findings were later confirmed by Kosugi.'? Frola 
found a similar protective influence of hydronephrosis on the damaging eftect of 
uranium nitrate.!’ These observations were recently extended by Willmer' 
who confirmed the protective effect of experimental hydronephrosis upon the 
nephrotoxic action of uranium nitrate and mereury bichloride. Sucrose,’ 
however, as well as racemic tartaric acid and diethylene glycol produced the 
same amount of hydropie degeneration in the cortical tubules of the hydro- 
nephrotic and the normal kidney. In rabbits in which glomerulonephritis had 
heen induced with duck-antirabbit serum, after the ureter in one kidney had 
heen ligated, Reubi'® observed nearly complete protection in the obstructed 
kidney, In this connection the observation of Fahr'* is of interest. He found at 
autopsy on a 37-year-old woman severe subacute glomerulonephritie changes 
in one kidney, while the other kidney with hydronephrotie atrophy showed none. 

As early as three hours following obstruction of one ureter there oceurred 
appreciable diminution in toxicity, and six to seven hours following obstruction 
almost complete elimination of the injurious effect of d/-serine on the hydro- 
nephrotic kidney. The short time of obstruction necessary to modify the 
nephrotoxic action of d/-serine is more significant for this substance may cause 
microscopically demonstrable kidney changes within thirty minutes. These 
changes become extensive within the next few hours.® 

No significant decrease in phosphatase activity is seen in the very early 
stage of hydronephrosis. Decrease, however, is noticeable in the hydronephrotic 
kidneys in the next few days and becomes progressively more pronounced. 
This is in full agreement with Willmer’s findings.’’ Lipase activity in the 
proximal convoluted tubules of the hydronephrotie kidney shows a similar 
behavior.” While, therefore, the deerease in these enzymatic activities is 
apparently a comparatively late sign of disturbed cellular function, there are 
other evidences of very early changes, 

Slight general dilatation of the tubules takes place within three to six 
hours following ligation of the ureter. ?? Not only dilatation extending into 
the proximal convoluted tubules, but also flattening of epithelial cells and 
considerable parenchymatous and vacuolar degeneration in the cytoplasm occur 
within short time after ligation of the ureter.’ 1? In acute experiments in 
which the ureter of one kidney is obstructed and the urine of both kidneys is 
simultaneously analyzed, a decreased concentration of nitrogenous constituents 
ind electrolytes is found.?*:** The exeretion of injected indigo carmine is 
‘onsiderably reduced as early as two to four hours following ligation of the 
reter.**: 2° 

Amino acids pass the glomerular filter and are reabsorbed in the convoluted 
‘ubules.2° In view of the fact the glomerular filtration in experimental hydro- 
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nephrosis?’ is probably undisturbed for some time, an impaired passage of 
amino acids through the glomeruli is not likely, although not impossible.** It is 
reasonable to assume that early functional disturbances in the convoluted tubules 
are responsible for the slowing up of the reabsorption of the toxic dl-serine. 
Apparently the dl-serine is not concentrated in the distal portion of the 
proximal convoluted tubules to such an extent as to permit it to exert its destrue- 
tive action. 

Convoluted tubules occasionally show tvpieal necrosis even after several 
days of experimental hydronephrosis. A similar phenomenon was noticed previ- 
ously with mereury bichloride and uranium nitrate.'*'* That even after several 
weeks of ligation of the ureter the convoluted tubules have not completely lost 
the ability to concentrate injected lithium carmine has been shown by 
Suzuki.*° 

SUMMARY 


In adult male rats the ureter of one kidney was ligated, and in intervals 
of 1 to 186 hours followine the obstruction of the ureter d/-serine was injected. 
The necrotizing nephrosis induced by dl-serine is appreciably reduced in kidneys 
in which the ureter has been ligated for three to seven hours. It is almost 
entirely suppressed if the injurious amino acid is given eight or more hours after 
the ligation of the ureter. It is assumed that early disturbance of tubular re 
absorption does not permit the concentration of d/-serine in the sensitive cells 
of the proximal convoluted tubules. to become sufficiently great to exert its 
destructive action. 
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LABORATORY METHODS 


A METHOD FOR SHOWING ANTIBACTERIAL ACTIVITY OF MINUTE 
QUANTITIES OF GRAMICIDIN OR PENICILLIN 


E. J. Fotey AND S. W. LEE, PH.D. 
New Brunswick, N. J. 


HE test deseribed is based on the method of Jones and Simms! who showed 

that bacteriostasis could be measured as a function of imbibition of 
eolony size and hemolytic zones produced by Group A streptococci on blood 
agar plates. 

Spingarn and King? used a similar procedure in studing the comparative 
susceptibility of Group A streptococci to penicillin. 

By the use of this method we have been able to compare the activity of grami- 
cidin and penicillin on a weight basis, and to determine the gramicidin con 
tent in tyrothricin samples. The following examples give an indication of the 
results obtained. 


METHODS 


An eighteen-hour blood broth culture of C203 (Group A) streptococcus 
is diluted to 10°° in plain broth. 

Dilutions of the drug to be tested are made in a suitable diluent, that 1s, 
penicillin in water, or tyrothricin or gramicidin in 50 per cent propylene glycol 
water. 

Sterile defibrinated rabbit blood (taken from rabbits which had been 
starved for twenty-four hours prior to heart puncture) was used. We have 
routinely used blood whieh has been at least twenty-four hours old and not more 
than five days old. 

The tests are set up as follows: To Petri dishes (100 by 15 mm.) add: 


0.5 ml. defibrinated rabbit blood 
0.1 ml. 10°° eulture dilution 
0.1 ml. drug dilution (do not mix with blood or culture until agar is added 


4 


11.8 ml. proteose-tryptone agar melted and cooled to 49°C. 


The contents of the plates must be thoroughly mixed to Insure an even 
distribution of all components. 

Various amounts of a drug in blood agar are made to give an adequate 
range of concentrations. This range should cover from 80 to 10 per cent in- 
hibition of growth. Usually five plates are prepared to study one sample. Four 
of these contain different concentrations of the drug in blood agar, and one 
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(containing no drug) serves as a control. This last one gives maximum hemo- 
lytic zones around each colony. 

After twenty-four hours’ incubation at 37°C., the diameters of the hemolytic 
zones are measured with an ocular micrometer and a mechanical stage microm- 
eter. The longest diameters of the hemolytic zones around five representative 
colonies are measured and averaged. 

Streptococeus C205, under the conditions emploved, usually elves a hemo- 
Ivtie zone 2.0 mm, in diameter. Smaller colonies and hemolytic zones are in- 
dications of the aetivity of the drug under test. To give a figure which in- 
ereases with the activity, the ‘‘inhibitory activity’’ is expressed as 

(mm. of inhibitory zone with drug 


00-100 eras . 
100mm. of inhibitory zone with no drug) 


Table L gives ranges of concentrations of gramicidin and crystalline peni 
cillin per milliliter of blood agar whieh show differences that May be measured 
and plotted. The results shown are from duplicate assays on two samples of 
eramicidin and two batehes of erystalline penicillin, 


TABLE IT. INHIBITION OF HEMOLYTIC ZONES OF STREPTOCOCCUS C203 IN BLoop AGAR BY 
GRAMICIDIN AND PENICILLIN 


INHIBITORY ACTIVITY * 
CONCENTRATION #G DRUG PER ML. BLOOD AGAR 


DRUG 0.006 0.004 0.002 0.00] 0.0008 
Gramicidin 
15975 50* ray 5 
15975 SO) D0 95 [8 
23-19-B 50 95 13 
23-19-B 70 10) 20 li 19 
Crystalline penicillin CSC 
(1) OU tO) 29 g 
2) 55 BY) IS 
(mm. inhibitory zone with drug) 


ne See es Se eee (mm. inhibitory zone with no drug) * 

It is seen in Table L that detectable inhibition can be shown by gramicidin 
and penicillin when present in amounts as small as 0.8 millimicrogram per milli- 
liter of blood agar. The results appear to be reproducible as shown by the 
luphiecate figures. On a weight basis, penicillin appears to be more active than 
ither of the gramicidin samples. 

Tyrocidine fails to inhibit the growth of streptococcus C203 on blood agar 


Jates when present in a concentration of 1 microgram of blood agar. Thus 


: he activity shown by tyrothricin samples may be referred to as being a fune- 
on of the gramicidin present. 

: By comparing samples of tvrothricin with a standard of known gramicidin 

. mtent, it is possible to judge the gramicidin content of the unknown as greater 

" an or less than the known standard. Table IT shows such comparisons. 


Sample 189 (figures show triplicate measurements) was a standard con- 
ning 20 per cent gramicidin, 80 per cent tvrocidine HCl by weight. 
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Sample 85-15 contained 15 per cent gramicidin and S85 per cent tyrocidine 





HCl by weight. 
The other nine samples were trom lots of tyrothricin which had been 







shown by the Dubos* albumin broth test (streptococcus H69D) to contain more 





than 20 per cent gramicidin when compared with a known 20 per cent grami 





cidin control. 
Table II shows reasonable reproducibility of the 20 per cent eramieidin 






control sample (189) in triplicate tests, and, as expected, considerably lower 









values are shown by the 15 per cent gramicidin sample (85-15). 








TABLE ITI. INHIBITION OF HEMOLYTIC ZONES OF STREPTOCOCCUS C203 IN) BLoop AGAK BY 
TYROTHRICIN 











INHIBITORY ACTIVITY® 


CONCENTRATION @G DKUG PER MIL. BLOOD AGAK 

















PYROTHRICIN GRAMICIDIN CONTENT 
SAMPLE (%) 0.04 we 0.02 we 0.008 ue 

20 S(0* 50 91.5 

189 20 0) 46 99 

20) RO) 47 2) 

76 ? DD 95 

58 ? 56 30 

56 ? 55 98 

70 ? RO 60 

PD ? 65 15 





















NP ? 70 45 21 
85-15 15 60 37 5 
‘Inhibitory activity defined as 100-1090(™m- inhibitory zone with drug) 
‘ ; (mm. inhibitory zone with no drug) 

All of the other samples show a greater inhibitory value than the 20° per 
cent gramicidin control samples. Samples 70, PD, and 69 give particularly 
high values showing 60, 45, and 40 per cent inhibitory activity at the level 
of 0.008 pe per milliliter of blood-agar. 

It is of interest to note that an inhibitory value of approximately 50) pei 
eent is given by 0.02 microgram per milliliter of the standard (20 per cent 
eramicidin, 80 per cent tyrocidine) sample (Table IT) as compared with a 
50 per eent inhibitory activity by 0.004 mierogram per milliliter by crystalline 


eramicidin (Samples 15975 and 23-19-B, Table I 
SUMMARY 


A method is described by which the inhibitory effects of millimierogram 


quantities of penicillin or gramicidin can be measured. 
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A STREAK PLATE METHOD FOR DETERMINING GROWTH CURVES 


JULIA T. WELD 
New York, N. Y. 


WiItH THE TECHNICAL ASSISTANCE OF ANNE GUNTHER 


HILE investigating the action of certain sulfur suspensions on the growth 

of Staphylococcus aureus,’ a technique was developed which was far less 
laborious than the pipette dilution, pour plate method for demonstrating growth 
curves. By adherence to certain details of technique, remarkably reproducible 
vraphs were obtained for the first eight hours of growth. 


METHOD 


Test Culture.—The first essential is to keep the inoculum within the range of the method. 
\ three and one-half hour culture of Staph. aureus (Oxford strain) in bacto nutrient broth 

was prepared one day before each test. Two loopfuls of a 1:20,000 dilution were spread 
separately on two halves of an agar plate to estimate the population. The cuiture was then 
left overnight in the icebox. 

Agar.—Twelve to fifteen cubic centimeters of bacto nutrient agar (1.5 per cent agar 
were poured into Petri plates which were stored three to four days at 37° C. to dry. This 
was necessary to avoid condensation on the surface of the agar which interferes with 
accurate bacterial counts. 

Loop.—A standard loop of nichrome wire, which when filled held approximately 0.002 
ec. of broth, was emploved. In making subcultures the tube containing the test material 
was held in a slightly slanted position and only the loop immersed, taking care to pick up 
the maximum amount of fluid. Recently Calkins? has shown that under specified conditions 
the quantity of fluid taken up by a loop is remarkably constant. 

Spreading a Loopful of Flwid.—The dry agar plates were ruled horizontally with a glass 
pencil, the size of the area between’ the lines being proportional to the expected bacterial 
ount. (When large counts are expected, a whole plate is used for one preparation.) Then 
ne loopful from each test preparation was spread evenly over the entire surface of the 
gar marked out for it, care being taken to avoid cutting into the agar with the loop. It 
s, of course, Important not to leave even tiny droplets of test fluid unspread., 

The Bacterial Count.—The colonies were counted after eighteen to twenty-four hours’ 
rowth at 37° C. The figures obtained were multiplied by a factor of 500 to convert them 

to baeteria per cubic centimeter, since one loopful held 0.002 ¢.c. of culture. It is obvious 
at negative cultures might be obtained from cultures that actually contain a few organisms 
cubie centimeter. 

When an entire plate was used, at least 200 individual colonies (representing 100,000 
rganisms per cubic centimeter) were counted. When properly inoculated, none of the 
lonies run into one another (see Plate I). 

In the first eight hours of growth, the period of interest in our present study, the number 
organisms in one loop was rarely more than 200. Therefore, the graphs represent the 
tual number of organisms in undiluted cultures, calculated to 1 ¢.e. volume. When the 
nts were higher than 200 colonies per plate, rough estimates were made and recorded, 
h as 1 plus for 200 to 400 colonies; 2 plus for 400 to 600 colonies; 3 plus for 600 to 800 
mies; and 4 plus for over 800 colonies. 
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The control tube was usually slightly cloudy after four hours’ growth, and always 
definitely cloudy after six hours. In such preparations the count was always in the millions 
and, therefore, out of the range of this technique. 

One possible source of error was that a loopful of test fluid, especially from the higher 
eoncentrations of an antibacterial agent, might have carried over sufficient material to inhibit 
growth. To explore this possibility, in several of our experiments one loop was spread over 
agar as usual, and a second loop from the same tube was mixed with melted and cooled agar 
for pour plates. We found that the two sets of counts were essentially alike and therefore 
concluded that the possibility of this error in our bacterial counts was no greater than 


the possibility oft erro. with the pour plate method. 


“ iad 4 * 


* 2 @ 
ee tg OMe, 


Plate I.*—Antibacterial effect of penicillin upon the growth of Staph. aureus. Streak cu 
tures of test mixture dilutions made on agar after two hours’ incubation at 37° C. 
CALCULATED 
NUMBER OF 


READING DOWNWARD COLONY COUNT ORGANISMS/C.C, 
1. Penicillin content 0.1 u./C.C. 0 v0 
2. Penicillin content 0.075 u./e. 7) 2.0) 
3. Penicillin content 0.05 u./c.c. 14 7.000 
4. Penicillin content 0.025 u_/c.c. 130 65,000 
> Penicillin content 0.01 u./c.« 190 95,000 


The initial number of organisms per ¢.c. was 27,500 
The control test after two hours’ incubation at 37° C. contained over 100,000 organisms } 
cubic centimeter 
TEST PROCEDUR! 


The number of organisms in the test culture prepared the previous di 


was estimated from the preliminary plates of that day, and this culture wi 


*Actual size. Photographed by Mrs. Miriam Wallace. 
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diluted on the day of the test so as to contain 100,000 to 600,000 cells per eubie 
centimeter. Appropriate dilutions of the antibacterial substance were dis- 
tributed in tubes in 1 ¢.¢. amounts, and 0.05 ¢.¢. of the test culture was added 
to each tube. Two loopfuls of the control tube were at once spread out sepa- 
rately on two halves of an agar plate to determine the initial count. The test 
preparations were then placed in a water bath at 37° C. At one-hour, two- 
hour, or longer intervals, one loopful from each was spread over the surface 
of the agar allotted to it. Six antibacterial agents, each in eight dilutions. 
were easily tested at one-hour or two-hour intervals by one worker. 

Where the antibacterial agent was dissolved in a solvent such as aleohol 
or earbowax.':* controls were made to determine whether the solvent. itself 


affected the bacteria. 
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Fig. 1.—Antibacterial action of phenol for Staph. aureus. 
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RESULTS 

Figs. 1 to 11* show the growth curves of Staph, aureus in the presence of 

the following antibacterial substances: phenol, streptothricin, streptomycin, 
elavacin, penicillin, protoanemonin, Manganese protoporphyrin, alcohol-sulfur, 
earbowax-sulfur, sulfanilamide, and pentathionic acid. Figs. 1 to 11 show 
single experiments, all of which have been repeated at least once with essentially 


similar growth curves. 


120, ; 


be 
Ne 
+ 














/ hy 
eon: | i 
oO / 1 
~ 56 f 4A nits per Gi. 
ae 
a >) 7 
@ 24 B P 
+ ad ! 
< =] | : 
Soo Sf, \ 
S| fe. ‘ll 
S 49 i i] 
= L | \ o/: 
i?) 
| 
Oo 
a om 
Le 


ere | 
48 





Incubation Time in Hours 


Fig. 2.—Antibacterial action of streptothricin for Staph. aureus (units per cubic centimeter) 


Protoanemonin is an antibacterial agent, described by Seegal and Holden 
and by Baer, Holden, and Seegal,® active not only against the growth of certail 
gram-positive and gram-negative bacteria, but also against Cryptococcus homini 


*We are indebted to Miss Natalie Pearlstein for the preparation of Figs. 1 to 11. 
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PLATE METHOD FOR GROWTH CURVES 
The preparation used was a distillate of the stems, 


STREAK 
Mn. protoporphyrin has been shown 


and Candida albicans. 
leaves, and blossoms of Anemone pulsatilla. 
by Granick and Gilder® to inhibit a variety of organisms including Staph. 
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STREAK PLATE METHOD FOR GROWTH CURVES 1145 
that if present in the sulfur preparations it might explain their extraordinary 
activity. 

The curves showed at once important differences in the effects of these 
antibacterial agents in the ranges of concentration in which they were active. 
The more important differences are summarized in Table I. Even more inter- 
esting were the patterns of these curves obtained in the first eight hours of 
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Fig. 5.—Antibacterial action of penicillin for Staph. aureus (units per cubie centimeter). 


rowth. These differed in each instanee and seemed characteristic for the 


stances studied. The following phenomena were noted: 

1. Early Bactericidal Effect—-The statement that certain agents were bac- 
icidal is made with the same reservations necessary in testing for bactericidal 
ect by most methods in current use. It was not proved that the effect was 








TABLE [T. COMPARISON OF BACTERICIDAL AND BACTERIOSTATIC HRrECTS OF VAKIOUS 
ANTIBACTERIAL AGENTS 


l 2 3 H 
MINIMUM BACTERICIDAT MAXIMUM v 
BACTERICIDAL EFFECT IN NONINHIBI! RATIO COLUMN 2 
ANTIBACTERIAL AGEN' DOSI HOURS | ING DOSE} COLUMN 4 
Group ] 
Phenol 1-S0U* 2 1-1,000 1.25 
Streptothricin D u./@.e. ° 0.5u./c¢.c¢. 10 
Streptomycin 0.2 u./c.c.* l 0.005 1() 
Clavacin 25 eg ec. 0 D ege/e.e, o 
Penicillin 0.05 u./e.c.* j 0.01 u./e.e, D 
Protoanemonin 1-20,000° Ss 1-60,000 3 
Group 2 10 wg /e.e.t 0.125 ug/ e.e. SO 
Mn. Protoporphiy rin > 1-100+ 1-51,200 512 
\leohol-sulfur 1-100+ 1-S00,000 § 000 


Carbowax-sulfur 


*No growth from one loop (0.002 ¢.c.) inoculum. 

rNo bactericidal effect in largest amounts tested in eight hours, 

tMaximum dose of antibacterial agent giving curve approximately like that of control 
Doses listed delayed growth slightly See Fig. 2, 0.5 unit curve Fig. 8, O.005 unit curve Fig. 4 
5 ug curve, ete. 
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Fig. 6 Antibacterial action of protoanemonin for Staph. aureus 
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ior was it proved that subculture of a larger sample 


irreversible, 1 


have shown a few surviving cells 


It was evident, 


however, that the effeet of phenol was purely bactericidal 
strep 


in the usually accepted sense. High concentrations of streptothricin 
tomycin,* and penicillin also appeared bactericidal within two hours. A slower 
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also showed no bactericidal effect, but this may have been due 


in sufficiently high concentration. Adequate 
be made because high ceoneentrations were 


Sulfanilamide 


to its insolubility test of penta- 


thionie acid could not too acid to 


permit growth of the staphylococeus. 
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9.—Antibacterial action of Carbowax solution of sulfur (carbowax-sulfur) for Staph. aureus. 


Pe This occurs with 


termediate concentrations of several of the antibacterial agents tested. It is 
A more prolonged growth 


2. The Phase of Early Growth Followed by Inhibition 


n at approximately two hours with streptothricin. 
ase with a peak of growth at six hours is shown by protoanemonin and sul- 
lamide. Mn. protoporphyrin differs from streptothricin and protoane- 
nin in that it permitted rapid early growth with peaks at four to eight hours. 


‘ other antibacterial agents tested show no definite early phase of growth. 
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3. Bacteriostatic Effect—All agents tested showed a zone in which the 
coeei were inhibited for a period but began active growth within eight hours. 
With phenol the period lasted only two hours in a narrow zone of concentration. 
With protoanemonin, clavacin, and penicillin the range of concentration show 
ing only inhibition was also narrow. It was somewhat wider in streptothricin, 


streptomycin, and Mn. protoporphyrin. The curves for sulfanilamide also 
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Fig. 10 Antibacterial action of sulfanilamide for Staph. aureus 


showed inhibition only in a narrow zone, but this may have been due to t 
presence of sulfonamide antagonists in the medium which counteracted its eff 


except in high concentration. The low pH of strong solutions of pentathior 


acid also prevented determination of its range of activity 
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With the sulfur suspensions, inhibition seemed of a different order. In 
these there was an enormous range of concentrations in which the organisms 
were held at about the inoculation level for from four to eight hours, only to 
erow out freely at a later period. Tubes with higher concentrations in whieh 
the organisms were inhibited for twenty-four hours or longer appeared sterile 
on transfer. It seemed more probable that this was due to senescence of the 
inhibited organisms rather than to direet bactericidal effect.* 
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11 Antibacterial action of pentathionic acid for Staph. aureus 
meter). 


4. The Renewal of Growth Phenomenon.—This was seen after eight to 
nty-four hours’ growth, with intermediate concentrations of several anti- 
terial substances after the organisms had practically disappeared from the 


c\itures and appeared to be dying out. This was probably due to the presence 
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of a small number of resistant organisms in the test culture.’'! This phe- 
nomenon is most apparent with streptothricin and streptomycin and, to a less 
extent, with elavacin and possibly with Mn. protoporphyrin. It was not seen 
in the sulfur preparations or with sulfanilamide. In coneentrations of these 
latter agents, which inhibited the staphylococci for eight hours, the organisms 
failed to grow out after longer exposure. 

Table I demonstrates that the substances tested may he separated roughly 
into two groups: 

1. Antibacterial agents which are bactericidal in eight hours or less. In 
this group the minimum bactericidal dose is only 40 or less times the maximum 
noninhibiting dose. The range of dilutions which gives inhibition without 
bactericidal effect is small. 

2. Antibacterial agents which are merely bacteriostatic in eight hours. 
This group gives only bacteriostasis in doses as high as 80 to 8,000 times the 
maximum noninhibiting dose. The range of dilutions which gives inhibition 
is large. 


SUMMARY 


A simple streak plate method for demonstrating growth curves of Staph. 
aureus under the influence of antibacterial agents is deseribed. 

Graphs are presented showing the effect of the following antibacterial 
agents: 

Phenol: A rapidly bactericidal substance which kills the organisms in a 
concentration only slightly higher than one which has even no inhibiting effect 

Streptothricin, Streptomycin, Clavacin, Penicillin and Protoanemonin: 
Antibacterial agents which kill the organisms in eight hours or less in concen 
trations not more than 40 times the noninhibiting doses. 

Mn. protoporphyrin and Suspensions of Sulfur in Alcohol (Al ohol-Sulfur 
and in Carbowar (Carbowar-Sulfur): Purely bacteriostatic preparations whic! 
fail to kill the organisms in eight hours in the highest concentrations tested 
but inhibit growth completely in minute fractions of such amounts. 
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FLUID THIOGLYCOLLATE MEDIUM 
Its USE For TESTING THE STERILITY OF SURGICAL CATGUT SUTURES 


RALPH OAKLEY CiLock, M.D. 
JROOKLYN, N. Y. 


REWER,' in 1940, announced his fluid thioglycollate medium for the ecul- 

tivation of anaerobes and stated that it also would support growth otf 
aerobes. In his table, he showed that Clostridium novyi would grow satisfae- 
torily up to a month after sterilization of the culture medium, but he did not 
mention the size of the inoculum used. He stated in his paper: ‘‘The sodium 
thioglycollate combines with and inactivates most of the mercurials used as 
preservatives, and one is much more likely to obtain growth from contaminated 
biologicals which are preserved with one of these highly bacteriostatic com- 
pounds. ”’ 

McClung‘ reported that Brewer’s thioglycollate medium compares favorably 
with complex meat infusions in its ability to initiate growth from small numbers 
of cells. For his tests, eleven different species of anaerobes including Cl. novy2 
were used. 

Nungester, Hood, and Warren® conducted experiments to determine whether 
the ‘addition of sodium thioglycollate to culture medium used in testing disin- 
fectants by an in vitro method would give results similar to those obtained by 
the ‘‘infeetion-prevention’’ method. They experimented with six mercurial 
compounds and found the pereentage of positive growths was much greater 
when a culture medium containing thioglycollate was used. They concluded: 
‘Sodium thioglycollate added to media for testing disinfectants in vitro appar- 
ently neutralized the bacteriostatic effect of the mercurial compounds tested 
and thus indicated the inadequacy of these substances as germicides.’’ 

As a result of Brewer’s findings, that the addition of sodium thioglycollate 
to culture medium inhibits the bacteriostatic action of mercurials, the National 
Institute of Health® specified a formula for fluid thioglycollate medium which 
it recommends for use in testing the sterility of biologie products. This culture 
medium* is a modification of the original Brewer formula. 

It has been suggested that fluid thioglycollate medium might be used effee- 
tively to test the sterility of all products that are preserved or impregnated 
‘ith mereurial compounds. Such a procedure would utilize the fluid thiogly- 

late medium for testing the sterility of surgical catgut sutures instead of the 
ilture media officially preseribed by the United States Pharmacopoeia XI. 
PURPOSE OF INVESTIGATION 

The purpose of this investigation was twofold: (1) to determine the com- 
rative growth-promoting properties of the National Institute of Health 
rmula for fluid thioglycollate medium with those of the Novy culture medium 
ich is specified in the U. S. P. XII as the official anaerobie medium, and (2) 

Received for publication, June 4, 1947. 

*Prepared by the Difco Laboratories, Incorporated, Detroit, Mich. 
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te determine the efficiency of the fluid thioglycollate medium for testing the 
sterility of surgical catgut sutures without employing the inactivating fluids 


which constitute part of the U.S. P. XII Sterility Tests for Solids. 


MATERIALS AND METHODS 


The culture media comprised (1) bacto-tluid thioglveollate medium and 
(2) the U.S. P. XIL medium prepared for aerobiosis and. that prepared for 
anaerobiosis. The fluid thioglycollate medium was incubated without seal, while 
tubes of the U.S. P. XPT anaerobic medium were sealed with a mixture of equal 
parts of petroleum jelly and paraffin, The final pH of the fluid thioglycollat 
medium was adjusted to 7.1 as recommended by Pittman, while that of the 
U.S. P. XIT media was adjusted to 7.4 as specified in the U.S. PL XE. 

A series of experiments was conducted to determine the growth promoting 
properties of the fluid thioglveollate medium and of the U.S. P. XTL anaerobic 
medium, using Cl. novyt as the test organism in decimal dilutions. In- the 
official Sterility Tests for Solids, the U.S. P. XIL specifiess Cl. novyt for the 
control organism to determine the growth-promoting properties of the culture 
medium, 

Another series of experiments involved the testing for sterility of eateut 
sutures artificially infected with a sporulating culture of Clostridium sporogenes 
and Bacillus subtilis, and impregnated with mereurie iodide to the amount ot 


1 per cent in some of the sutures and 3.5 per cent in others, 


EXPERIMENTS TO DETERMINE GROWTH-PROMOTING PROPERTIES 


Several tubes of the fluid thioglycollate medium and of the U.S. P. X11 
anaerobic medium were inoculated with 1 ¢.¢. of decimal dilutions (from 10 
to 10°") of a forty-eight hour broth culture of C7. novyt. Typical protocols 
are shown in Table I.) This experiment was repeated several times and_ th: 


results were similar to those shown in the table 


Discussion of Results. 

1. Fluid Thioglycollate Medium: After twenty-four hours gas formed it 
the first dilution, and a very light bacterial growth oceurred from an inoculum 
of 0.000001 @.e. (10°°), 

After forty-eight hours gas formed in the first five tubes. 

After five days maximum degree of growth (4 plus) occurred from ai 
inoculum of 0.00001 ¢.e¢. (10°°), gas formed from an inoculum of 0.000001 ec 
(10°), and a very light bacterial growth was present in the tube containin 
an inoculum of 0.00000001 @.¢. (10°% 

2. U.S. P. XII Anacrobic Medium: After twenty-four hours, a very ligh* 
hacterial growth was present in the tube containing an inoculum of 0.0000 
ec. (10°), but gas did not form in any of the tubes. 

After forty-eight hours gas formed in the first four tubes. 

After five days maximum degree of growth (4 plus) occurred from 
inoculum of 0.001 ¢.c. (10°), gas formed from an inoculum of 0.00001 ¢.e, (10 


and a light bacterial growth oecurred from an inoculum of 0.000001 @.e. (10 
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TABLE I 


INCUBA DECIMAL DILUTIONS 
TION 
MEDIUM PERIOD | 10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 | 10-10 
Bacto-fluid 24 hr. 44 3 3 94 94 1 0 () () 0 
thioglycollate TAs 
medium 
48 hr. } } 4 3 3 ” \ 0 0) 0 
gus gas gas gas gas 
> days 4 } } 4 14 3 24 0 0 
, gas vas gas vas gas ras 
U. S. P. medium 24 hr. } 3 24 N 0) 0 (0) 0 0 
for anaero 
biosis 
tS hr. } } 3 3 94 n 0 0 0 0 
gas ras vas ras 
5 days } } 4 3+ 3 on 0 0 0 0 
, ras gas gas ras gas 
The degree of bacterial growth is indicated by plus signs: very light cloud, 1 plus; light 
cloud, 2 plus; heavy cloud, 3 plus; and very heavy cloud, 4 plus. Absence of growth is indicated 


by 0. 


Decimal dilutions of a forty-eight hour broth culture of Cl. novyi were used to determine 
the comparative growth-promoting properties of bacto-fluid thioglycollate medium and the U.S 
P. XII anaerobic medium. In the tubes of bacto-fluid thioglycollate medium, gas formed earlie! 
ind after five days was present in one higher dilution than in the tubes of the U. S. P. anaerobic 
medium. Bacterial growth was present on the fifth day in the tubes of bacto-fluid thioglycollat 
medium as far out as the eighth dilution in contrast to the sixth dilution in the tubes of the 
UC. S. P. anaerobie medium. 


These results indicate that the fluid thioglycollate medium is superior to 
the U. S. P. XII anaerobie medium for supporting the growth of anaerobic 
bacteria, such as Cl. novyi, This superiority is shown (1) after twenty-four 
hours’ incubation, by gas formation in the first dilution and by bacterial growth 
out as far as the sixth dilution; (2) after forty-eight hours’ incubation, by the 
maximum degree of growth occurring in one higher dilution and by bacterial 
growth being present in one higher dilution; and (3) after five days’ incubation, 
by gas formation in one higher dilution, by the maximum degree of bacterial 
growth occurring in two dilutions higher, and by bacterial growth being present 
out as far as the eighth dilution in contrast to the sixth dilution. 


EXPERIMENTS ON INACTIVATION OF MERCURIALS 


To determine the extent of the combining and inactivating properties of 
hioglveollic acid (contained in the fluid thioglycollate medium) for mereury, 
series of experiments was carried out in which artificially infected catgut 
sutures containing 1 per cent mercuric iodide (Lot 1754) and some containing 
) per cent mercuric iodide (Lot 1755) were tested for sterility. The sutures 
ere infected with a sporulating culture of Clostridium sporogenes and Bacillus 
btilis. For controls, sutures artificially infected with the sporulating culture 

t not impregnated with any chemical compound (Lot 1753) were used. 
Comparative tests were made by placing some of each of the three different 
ts of sutures directly into tubes containing 40 ¢.¢. fluid thioglycollate medium 
d incubating at 37° (.; other sutures of each of the three lots were tested 
accordance with the sterility technique prescribed by the U.S. P. XII. This 
(ter technique consisted of incubating the sutures first in tubes of 40 ee. 
stilled water, then in tubes containing the inactivating fluid of 1 per cent 
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sodium thiosulfate and 1 per cent sodium carbonate; on the third day the 
sutures were transferred to tubes of distilled water and incubated twenty-four 
hours; and on the fourth day the sutures were transferred to tubes of beef 
broth prepared for aerobiosis and incubated, or transferred to tubes of gelatin 
beef broth prepared for anaerobiosis and sealed with a mixture of petroleum 
jelly and paraffin and then incubated. Results of these comparative tests are 
shown in Tables IT and III. 


TABLE I] 


BACTO-FLUID THIOGLYCOLLATE MEDIUM 


LOT AEROBIC RESULTS ANAEROBIC RESULTS 
1753 (Control) 24-hour growth, gram 24-hour growth: gram-positive rods with 
positive rods subterminal spores; gas formation 
1754 (Containing 1% 24-hour growth, gram 24-hour growth: gram-positive rods with 
mercury ) positive rods subterminal spores; gas formation 
1755 (Containing 3.5% 24-hour growth, gram 24-hour growth: gram-positive rods with 
mereury ) positive rods subterminal spores; gas formation 


The inactivating properties of bacto-fluid thioglycollate medium for mercury were deter 
mined by sterility tests of catgut sutures artificially infected with a sporulating culture. Some 
sutures contained 1 per cent mercury, while others were impregnated with 3.5 per cent mercury. 
For controls, sutures artificially infected but not impregnated with mercury were used. These 
tests show that the thioglycollic acid in the bacto-fluid thioglycollate medium combines with 
and inactivates 1 per cent mercury and 3.5 per cent mercury, so that twenty-four hour growths 
occurred in all tubes and corresponded to the growths in the control tubes. 


The results given in Table I] indicate that the thioglyveollie acid in the 
fluid thioglycollate medium combines with and inactivates the 1 per cent of 
mereury and the 3.5 per cent of mereury, as shown by the aerobie and anaerobic 
bacterial growths which oceurred in Lots 1754 and 1755 and which cheeked 
with the control Lot 1753. 

Table IIT shows the results of using the U. S. P. XII technique. It will 
be noted that the mercurial salts present in the sutures to the amount of 1 
per cent combine with the sodium thiosulfate of the inactivating fluid to form 
a double salt which is soluble in water, as shown by the aerobic and anaerobic 
bacterial growths in Lot 1754. However, the amount of mereury in sutures of 
Lot 1755 is so great (3.5 per cent) that all of it will not combine with the 
sodium thiosulfate of the inactivating fluid, and enough mercury is still present 
in the sutures to exert a bacteriostatic effect and prevent bacterial growth. 


TABLE III 


U.S.P. AEROBIC MEDIUM U.S.P. ANAEROBIC MEDIUM 
LOT AEROBIC RESULTS | ANAEROBIC RESULTS 
1753 (Control) 24-hour growth, gram 24-hour growth: gram-positive rods with 
positive rods subterminal spores; gas formation 
1754 (Containing 1% 24-hour growth, gram 24-hour growth: gram-positive rods witli 
mercury ) positive rods subterminal spores; gas formation 
1755 (Containing 3.5% No growth after 15 No growth after 15 days’ ineubation 
mercury ) days’ incubation 


Experiments were made to determine the inactivating properties for mercury of the 
standard inactivating fluid of 1 per cent sodium thiosulfate and 1 per cent sodium carbonate 
prescribed by the U. S. P. XII. Catgut sutures artificially infected and containing 1 per cent 
mercury and some containing 3.5 per cent mercury were tested for sterility by the U. S. P. XII 
technique. For controls, sutures artificially infected but not impregnated with mercury were 
used. These tests show that the standard inactivating fluid combines with and inactivates 1 pe 
cent mercury (as shown by twenty-four hour growths in Lot 1754), but that it is not capable of 
combining with and inactivating 3.5 per cent mercury (as shown by the absence of growth in 


Lot 1755). 
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In my bacteriologic investigations of chemical sterilization of surgical eat- 
vut sutures, I devised? an inactivating fluid of 10 per cent sodium thiosulfate 
for effectively combining with and inactivating mercurial compounds if present 
in amounts greater than 2 per cent. I reeommended® the use of this 10 per cent 
sodium thiosulfate solution as an inactivating fluid whenever catgut sutures are 
found upon ehemieal analyses to contain more than 2 per cent of mereury. 
The U.S. P. XL adopted® this procedure as part of the official Sterility Tests 
for Solids. 

Accordingly, additional sutures from Lot 1755 were tested by the U.S. P. 
XII technique in which the 10 per cent sodium thiosulfate inactivating fluid was 
used, with results shown in Table IV. 


TABLE IV 
U.S.P. AEROBIC MEDIUM | U.S.P. ANAEROBIC MEDIUM 
LO! AEROBIC RESULTS ANAEROBIC RESULTS 
1753 (Control) Growth in 24 hours, Growth in 24 hours: gram-positive rods 
gram-positive rods with subterminal spores; gas formation 
1755 (Containing 3.5% Growth in 24 hours, Growth in 24 hours: gram-positive rods 
mercury ) gram-positive rods with subterminal spores; gas formation 


Experiments were made to determine the inactivating properties of the special inactivating 


fluid of 10 per cent sodium thiosulfate prescribed in the U. S. P. XII sterility technique when 


large amounts of mercury are present in sutures. Catgut sutures artificially infected with a 
sporulating culture and containing 3.5 per cent mercury were tested for sterility. Sutures 
irtificially infected but not impregnated with mercury were used for controls. These tests show 
that the special inactivating fluid of 10 per cent sodium thiosulfate combines with and inac- 
tivates 3.5 per cent mercury, so that in all tubes of Lot 1755 growths occurred in twenty-four 
hours, which corresponded to growths in the controls 

These results demonstrate that the special inactivating fluid of 10 per cent 
sodium thiosulfate is required in connection with the U. S. P. XII technique 
in order to detect the presence of living bacteria in catgut sutures which are 
heavily impregnated with mereurial salts. This special inactivating fluid elim- 
inates all bacteriostatic action of the mereury, thereby allowing the bacteria 
in the eatgut to germinate in the culture medium. 

Discussion of Results——This series of experiments to determine the inae- 
tivation of mereurials demonstrates in a convincing manner that the fluid 
thioglveollate medium is superior to the U. S. P. XII culture media for testing 
the sterility of surgical catgut sutures. It simplifies the technique because it 
may be used without the inactivating fluids specified in the U, S. P. XII for the 
inactivation of mercurial salts. The thioglyecollic acid contained in the fluid 
thioglyveollate medium combines with the mereury and thereby eliminates all 
acteriostatie action of mercurial salts when present in cate@ut sutures in amounts 
s great as 3.5 per cent. 

CONCLUSIONS 


The experiments herein described demonstrate that bacto-fluid thioglycollate 
iedium is superior, in the following respects, to the U.S. P. XIT eulture media 
1 testing the sterility of surgical eatgut sutures: 

1. A smaller inoculum supports the growth of anaerobie bacteria, such as 

(7. novyt. 

2. Gas forms earlier, and maximum bacterial growth oeceurs from a much 

maller inoculum. 
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3. No seal is required for anaerobiosis, since the sodium salt of thioglycollic 
acid lowers the oxidation reduction potential which is maintained for a consider 
able period of time by the agar in the medium, 

4. Preliminary incubation in distilled water and inactivating fluids, for the 
purpose of removing bacteriostatic mercurial salts with which the sutures may 
be impregnated, is not required. 

5. The sodium salt of thioglycollie acid in the culture medium effectively 
neutralizes the bacteriostatic action of mereurial compounds when present in 


catgut sutures in amounts up to 3.5 per cent. 


Since these experiments were completed, the Committee of Revision of the 
United States Pharmacopoeia adopted the National Institute of Health formula 
for fluid thioglycollate medium for use in Sterility Tests for Liquids and Solids, 
and it will become the official sterility test medium in the U.S. P. XTIL 
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DETERMINATION OF INULIN IN PLASMA AND URINE 


N. Herz AND B. SHAPIRO 
JERUSALEM, PALESTINE 


HIE use of inulin in measuring glomerular filtration has stimulated the 

development of a great number of methods for the estimation of this sub- 
stance in plasma and urine. Among the reagents used, diphenylamine appears 
to vield the greatest color density per milligram of inulin present. However, 
even employing this reagent in’ Harrison’s* modification of the method of 
Alving, Rubin, and Miller, we found that the color produced by low coneentra- 
tions of inulin (4 to 20 me. per cent) proved to be too feeble to permit exact read- 
ings in the Pulfrieh photometer. Since it is known that the color intensity ob- 
tained with diphenyvlamine is greatly redueed in the presence of water, we at- 
tempted to find a method for preeipitating inulin from the plasma filtrates and 
for subsequently carrying out the estimation with the dried precipitate. Such 
a method would have an additional advantage in that larger aliquots could be 
analyzed than have been possible with current methods. 

In preliminary experiments it was found that inulin can be quantitatively 
precipitated from solution by treatment with caletum hydroxide. No sugar ean 
be detected in the supernatant fluid, nor is any sugar eluated by subsequent wash- 
ing of the precipitate with alkaline water or with alcohol. On addition of the 
strongly acid diphenylamine reagent, ealcium hydroxide is easily dissolved, 
setting free the precipitated inulin for hydrolysis and color production. 

The following method was evolved for the determination of inulin in blood 


and urine as part of the measurement of inulin clearance in man, 


METHOD 

Solutions. 

Zine sulfate solution 10 per cent. 

Sodium hydroxide solution N/2. 

Calcium chloride solution 2N., 

Sodium hydroxide solution 2N. 

Saturated solution of caleium hydroxide in water. 

Saturated solution of caletum hydroxide in aleohol. 

Diphenvlamine reagent. 8 Gm. diphenyvlamine dissolved in 100 ml. glacial 
etic acid. Add 60 ml. concentrated hydrochloric acid. Store in amber bottle in 
“ald place. 

Inulin stock solution. 100 mg. inulin in 100 ml. water containing 1 drop of 
10 sodium hydroxide. This solution keeps for two weeks in a cold place. 

From the Chemical and Physiological Laboratory, Rothschild Hadassah University Hos- 

ind the Laboratory for Pathological Physiology, The Hebrew University 

Received for publication, May 29, 1947. 

*Harrison, H. E.: A Modification of the Diphenylamine Method for Determination of Inulin, 

Soc. Exper. Biol. & Med. 49: 111, 1942. 
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Working standard. I reshly prepared from the stock solution by diluting 
2 to 100 ml. with water. 

Procedure.—Measure 0.2 to 0.5 ml. of plasma or serum containing 10 to 
100 ng of inulin into a centrifuge tube. Make up to 9 ml. with water, add 0.5 ml 
zine sulfate solution, and mix. Add 0.5 ml. of N/2 sodium hydroxide solution, 
mix, centrifuge, and filter. Measure 5 ml. of the clear filtrate into a centrifuge 
tube and add 0.5 ml. ealeium chloride solution and 0.5 ml. 2N sodium hydroxide 
solution. Heat in a boiling water bath for five minutes. Centrifuge sharpl) 
for five minutes. Decant the supernatant fluid. Wash the precipitate with 5 ml. 
of the aqueous solution of calcium hydroxide, using a small glass rod for each 
tube in order to break up the larger clumps. Put the rods aside for further use 
with their respective tubes. Centrifuge the suspension sharply, decant, and wash 
with aleohol-caleium hydroxide as described. After decantation drive off th 
remaining alcohol by immersing the tubes in a boiling water bath for five 
minutes. Return the rods to their tubes. Add 5 ml. of diphenylamine reagent, 
stir well, and heat in a boiling water bath for exactly thirty minutes. Cool in 
cold water. Read in a photometer with a filter transmitting at 610 millimicrons 

Each run includes one plasma blank from the patient’s blood before the 
injection, and two standards, prepared by adding 0.5 ml. of the blank plasma to 
2 ml. and 4 ml. of the standard inulin solution, making up to 9 ml., and pro 
ceeding as described. 

Urine is diluted 500- to 1,000-fold. To 5 ml. of the diluted urine add 0.5 ml 
of calcium chloride solution, and proceed as with the blood filtrates. A blank 
value is determined from the patient’s urine before the test. 

Calculation.—The extinction values obtained with the two standards in 
cluded in the series give the factors needed for ealeulation of both plasma con 


centration and urinary excretion. 


DISCUSSION OF METHOD 


Color Intensity—With this method, 10 ye of inulin in the final solution 
gave an extinction of 0.2 with a 10 mm. cell. This value was practically con 
stant. We do not, however, propose to dispense with the inclusion of standards 
in each run, since changes might occur in heating conditions or in various reagent 
batches which would otherwise remain undetected. 

Our method achieves color intensities five times as strong as those obtained 
with Harrison’s method (Table I). This is accounted for by our use of 5 ml. 0 


TABLE I. COMPARISON OF METHODS 


EXTINCTION IN 1 CM. CELL MINUS BLANK 


INULIN IN PLASMA ACCORDING TO ACCORDING TO 
(MG. %) HARRISON ’S METHOD OUR METHOD 

4 0.04 ; 0.20 

8 0.08 0.40 


2) 0.18 1.04 
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TABLE II. RECOVERY OF INULIN ADDED TO PLASMA 


PLASMA INULIN ADDED INULIN RECOVERED 


(ML. (MG. %) MG. % 
0.5 t.0) 1.4 
S.0 $2 

16.0 16.0 

£.0 1.0 

8.0 7.6 

16.0 16.6 

0 D2 

10.0 10.4 

20.0) 19,4 

0) 4.0 30 
8.0 7.8 

16.0 16.5 

L.0 1.0 

S.() Ss.) 

16.0 16.0 

20.0 24.0 


blood filtrate instead of 2 ml. and by the exclusion of water, giving an additional 
reduplication of color. 

Precipitation of Inulin.—The amount of precipitant used was found to allow 
for quantities of inulin in plasma filtrates up to 100 micrograms. Attempts to 
dispense with the boiling for precipitation have yielded erratie results. Heat 
seems to be necessary to insure a stable relation between inulin and calcium 
hydroxide whieh will withstand subsequent washing. 

Blanks.—The diphenylamine reagent develops a color with ageing and 
should be frequently prepared in small quantities.. We found the urine blank 
values to be no higher than those of the reagent blank with water. A water 
blank may, therefore, be substituted for the urine blank proposed if no sugar 
or other abnormal constituents are present which produce color with the reagent. 
Serum blank values were equivalent to about 4 to 5 mg. per cent inulin. The 
same extinction was obtained by treating a solution of 100 mg. per cent glucose 
in water as deseribed for plasma. It is thus mainly glucose which is responsible 
for the serum blank value. The proportion of 1:25 in color produced by 
vlucose and inulin, respectively, would require a fluctuation in blood sugar of 
25 mg. per cent in order to change the apparent inulin content by 1 mg. per cent. 
We consider ourselves, therefore, justified in dispensing with yeast treatment, 

xcept under very special experimental conditions. 

Recovery Experiments.—Recovery experiments are presented in Table II. 

Application of the Method for Inulin Clearance Tests—With the deseribed 

method for inulin determination, we found it entirely sufficient to inject only 
1.5 or 2 Gm, intravenously instead of the usual 10 grams. This dose gives an 
nitial serum level of 12 to 15 mg. per cent with sufficient time for several clear- 
nce periods before the concentration has fallen too low for determination. This 
hould make inulin clearance studies more attractive to clinicians, who have 
‘en reluctant to undertake them because of the danger of pyrexial reactions. 
ne higher color production makes clearance studies feasible even in small 
boratory animals by reducing the quantity of plasma required for analysis. 
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SUMMARY 


A method has been developed for the estimation of inulin in blood plasma 
Inulin is precipitated with ealcium hydroxide and the color 


and in urine. 
This increases greatly 


elicited with the dry precipitate with diphenylamine. 
the color intensity obtained. 
The method permits the reduction of the inulin dose injected for clearance 


tests in human beings and makes clearance tests feasible in small laboratory 


animals. 
The authors «wre greatly indebted to Prof. E. Wertheimer for his encouragement and 


onstant interest. 








CHROMATOGRAPHIC SEPARATION OF CHOLESTEROL AND 
CHOLESTEROL ESTERS IN BLOOD 


Water C. Hess, Pa.D. 
WASHINGTON, D. C. 


HE methods commonly used for the determination of free cholesterol in 

blood depend upon its precipitation with digitonin followed by the develop- 
ment of color directly upon the digitonide, usually with the Liebermann. 
Burchard procedure.’ The estimation of cholesterol esters, which are not 
precipitated by digitonin, should be done after saponification because, as has been 
repeatedly shown, the esters give more color in the Liebermann-Burehard method 
than does free cholesterol?" In the estimation of both free and ester cholesterol 
these two methods are combined.” or complete precipitation of the cholesterol 
digitonide twenty-four hours are required, although Schoenheimer and Sperry 
state that satisfactory results ean be obtained with only one-hour standing. A 
method which would eliminate the costly and time-consuming digitonin precipita- 
tion Is to be desired. 

Trappe’ used aluminum oxide to adsorb various lipids from petroleum ether 
solution and separated cholesterol stearate from free cholesterol] I first eluting 
with trichlorethane to remove the ester and then with absolute ethyl alcohol 
to remove the cholesterol. He used large amounts of material, 71.2 meg. ot 
cholesterol stearate and 72.2 mg. of cholesterol, and recovered 99.8 per cent of the 
stearate despite the facet that there was some saponification of the ester. A 
satisfactory method for blood analysis would require the separation and 
determination of much smaller quantities of cholesterol ester and free cholesterol. 
Subsequently Trappe!!! described a method for the determination of both free 
and ester cholesterol in whole blood based, in part, upon these experiments. 
llis procedure involved the use of both silica gel and aluminum oxide; however, 
no values for either plasma or serum were given. 

Chromatographic procedures have been used in our laboratory for the 
separation of estrone from blood'? and it seemed possible to devise a similar 
method for the determination of both free and ester cholesterol. This paper 
deseribes such a method based upon adsorption on aluminum oxide and upon 
elective elution followed by estimation by the Liebermann-Burchard method. 


METHOD 


Principle of the Method.—Kither plasma or serum is treated with a 1:1 aceteone-ethy! 
ohol solution and filtered. An aliquot of the filtrate is evaporated to dryness dissolved in 
etroleum ether, and placed upon an aluminum oxide column. The ester fraction is eluted 
ith a 10 per cent solution of ethyl ether in petroleum ether, and the free cholesterol is then 
ited with a 10 per cent solution of ethyl alcohol in petroleum ether. The cholesterol esters 
e then saponified and the free cholesterol in both fractions is determined colorimetrically, 


ng cholesterol as the standard. 


From the Department of Physiological Chemistry, Georgetown Medical School. 
Received for publication, June 5, 1947. 
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Procedure.—To approximately 20 ml. of a 1:1 acetone-ethyl alcohol solution in a 25 ml. 
volumetrie flask add 1.0 ml. of plasma or serum. The suspension is brought to boiling on 
the water bath, cooled, and made to volume with the acetone-aleohol solution and filtered.’ 
A 10 ml. aliquot of the filtrate is evaporated to dryness on the water bath and dissolved in 5.0 
ml, of petroleum ether. The solution is placed upon the chromatographic column, containing 
2.5 Gm. of aluminum oxide according to Brockman (Merck), and washed with 5.0 ml. of 
petroleum ether.1 The ester fraction is eluted by the addition of 50 ml. of 10 per cent 
ethyl ether in petroleum ether. The eluate is collected and evaporated to dryness on a water 
bath. The free cholesterol is eluted with 25 ml. of 10 per cent ethyl alcohol in petroleum ether. 
This eluate is likewise evaporated to dryness 

The cholesterol ester fraction is dissolved in 10 ml. of 95 per cent ethyl aleohol and 
saponified by heating in an oven at 80 to 90° C, for ten minutes with 0.10 ml. of a potassium 
hydroxide solution (10 Gm. potassium hydroxide in 20 ml. water). This solution is neutralized 
with 10 per cent acetie acid in ethyl] alcohol, using phenolphthalein as the indicator, one drop 
more than the required amount of!acid is added. The solution is then evaporated to dryness 
on the water bath. 


Both the free cholesterol and the saponified fraction are extracted with anhydrous 


chloroform and filtered into 10 ml. volumetric flasks. The filtrates are made to volume wit! 
chloroform. The reagent for color development is prepared by adding 1.0 ml. of concentrated 
sulfuric acid to 10 ml. of acetic anhydride. The aeetie anhydride is chilled in an ice bath 
during the addition of the sulfuric acid and is kept there until used. The reagent is prepared 


fresh for each determination. To 5.0 ml. aliquots of the chloroform solutions is added 1.0 ml 
of the reagent, and the color developed is read after standing for ten minutes. A Klett 
Summerson colorimeter was used with either filter 54 or 42; the latter was found to be more 
sensitive.14,15 The color is stable for at least ten minutes. 

RESULTS 

A standard solution containing 1.0 mg. of cholesterol in 5.0 ml. ot 
petroleum ether was used to obtain a calibration curve. Aliquots of the standard 
solution were pipetted into colorimeter tubes, evaporated to dryness, and 5.0 ml 
of chloroform added to each tube. Color development was carried out as 
deseribed. The color obtained obeved Beer’s law in the concentration range of 
0.02 to 0.50 mg. of cholesterol; above this concentration the color was too dense 
for accurate reading. 

At the same time that the chromatographie separation was performed, 
another 10 ml. aliquot of the original plasma or serum filtrate was saponified 
and the total cholesterol determined by the method of Sperry and Brand.* 

Accuracy of Separation of Cholesterol From Its Ester.—Cholesterol stearate 
was prepared by the method of Page and Rudy.'® A petroleum ether solution 
of the ester and cholesterol was prepared containing 1.0 mg. of cholesterol 
stearate (equivalent to 0.60 meg. cholesterol) and 0.2 me. of cholesterol in 5.0 
milliliters. This ratio represents approximately that found in normal human 
serum. ‘Twelve separate determinations were made upon aliquots of the solution 
using the procedure described. The recovery of free cholesterol was 0.21 + 0.01 
mg., and of ester cholesterol, 0.57 + 0.025 milligram. This represents an ae 
curacy of approximately 5 per cent. It might be noted, however, that the este: 
recovery generally tended to be about 5 per cent low and the free cholestero! 
recovery was high by about the same amount. In a series of experiments wit! 
free cholesterol alone, a similar plus or minus variation was observed whethe1 
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the cholesterol was chromatographed or run directly. This error is probably 
inherent in the colorimetric method. 

Recovery of Cholesterol Added to Blood Serum.—Since it was possible to 
separate cholesterol from cholesterol stearate in pure solution, the separation 
was next attempted in blood serum. The same serum was analyzed before and 
after the addition of the ester and cholesterol to the aleohol-acetone solution 
of the serum extract before filtering. In a 25 ml. flask were placed 15 ml. of the 
acetone-aleohol solution and 1.0 ml. of petroleum ether containing 0.4 meg. of 
cholesterol and 1.7 mg. of cholesterol stearate (equivalent to 1.0 mg. of 
cholesterol), and then 1.0 ml. of serum was added. The procedure as detailed 
previously was employed. The results of these experiments are given in Table 
I. Cholesterol can be separated from cholesterol ester in blood serum with the 
same degree of precision as in pure solution. 


TABLE I. RECOVERY OF CHOLESTEROL AND CHOLESTEROL STEARATE ADDED TO BLOOD SERUM 


SERUM RECOVERY 
| FOUND AFTER ADDITION OF 
| 0.40 MG. CHOLESTEROL 
| AND 1.00 MG. CHOLESTEROI 





SAMPLE | FOUND AS STEARATE 
CHOL. | ESTER | CHOL. ESTER CHOL, ESTER 
(MG. ) (MG. ) | (M@.) | (MG. ) (MG. ) (MG. ) 
l 0.87 1.05 230 2.07 0.48 1.02 
2 0.87 1.05 1.25 2.10 0.38 1.05 
3 0.85 1.00 1.25 2.06 0.40 1.06 
4 0.85 1.00 28 1.9] 0.438 0.91 
Average _ 0.44 1.01 


In order to determine the reproducibility of the results, six separate 
determinations were made upon the same sample of blood serum. These results 
are given in Table I]. The per cent of free cholesterol found varied from 
33.3 to 36.6, with a standard deviation of 0.18 from the mean of 35.1 per cent. 
There is a deviation of 5 per cent from the mean for the highest and lowest 
values. The first column gives the data obtained upon the aliquot not chromato- 
vraphed but analyzed after saponification by the method of Sperry and Brand.‘ 
In general the agreement between this method and the chromatographic method is 
good, 

Estimation of Cholesterol and Cholesterol Esters in Blood Serum and Plas- 
ma.—In Table III are presented the data obtained upon ten samples of normal 
serum, and in Table IV, upon twenty-five samples of blood plasma. The average 
total amount of cholesterol present as determined by the Sperry-Brand* proce- 
dure is practically identical with the average total amount obtained by the chro- 
iatographie procedure, showing, at least, that there is no loss in the method. 
‘here is no significant difference in the ratio of free cholesterol to total choles- 
terol obtained in the plasma from that in the serum. The ratio is rather constant 
and is independent of the total amount of cholesterol present. As found by 
Schoenheimer and Sperry,’ using digitonin as the precipitant, it is 31.3 ex- 
iressed as per cent, based upon the data from seventeen subjects. In a subse- 
quent paper Sperry’ reported a value of 26.9 + 1.4 per cent based upon data 





1166 HESS 


TABLE II. REPRODUCIBILITY OF ESTIMATIONS OF FREE AND ESTER CHOLESTERO! 
IN THE SAME BLOOD SERUM 


100 
TOTAL” rOTAI FREI ESTER TOTAI 
(MG. % MG. % MG. % MG. &% % ) 
158 152 52 100 34.2 
158 159 57 102 30.0 
15] 17] 7 114 33.0 
152 72 63 109 36.6 
157 165 i¥{ 10S 34.5 
152 164 59 L105 35.9 
\verage 154.6 163.8 sy er 106.3 So. + O.13 
*NMethod of Sperry and Brand 
TABLE III. CHOLESTEROL AND CHOLESTEROL ESTERS IN NORMAL BLOOD SERUM 
FREI 
100 
roTAl rorTal FREI ESTER POTAI 
MG. % MG. & MG. % MG. % (% 
138 132 39 93 29.5 
150 137 7 100) 27.1 
158 152 2 100 34.2 
144 155 17 10S 30.2 
155 156 66 Q() 12.0 
IS6 198 83 115 $1.9 
186 YP) 70 13 34.2 
220 229 79 150 34.5 
229 230 is 155 32.6 
240) 249 87 162 34.9 
Average IS81.]1 + 37.6 184.1 + 43.0 63 + 18.0 120.6 + 27.6 34.1 + 4.9 


*Method of Sperry and Brand. 


TABLE LV. CHOLESTEROL AND CHOLESTEROL ESTERS IN NORMAL BLOOD PLASMA 


FREI 
’ LO 

POTA rOTAI FREI ESTER TOTAI 
MG. &% MG. % MG. % (MG. % / 
114 112 4() 72 35.7 
126 125 S50 75 10.0) 
136 129 DD 74 $2.6 
138 132 39 93 29.5) 
150 137 7 10 970) 
136 14] aD 6 39.0) 
145 143 DD SS ss. ] 
17 143 2 10] 29.4 
150 146 60 S6 $1.0 
136 150 a7) QS 36.0 
162 155 62 93 10.0 
144 155 17 108 30.0 
165 170 65 105 38.2 
169 17] 5S 113 33.9 
72 174 D7 Bly 32.8 
00 175 64 11] 36.5 
194 176 66 130 33.6 
75 77 ts) 124 29.9 
190 1S4 63 12] 34.2 
176 184 67 117 36.4 
190 185 io 112 39.4 
176 186 50 131 28.4 
225 229 SS 14] 8.4 
236 PATS f 112 145 a0 
336 349 147 202 $2.1 


\verage 172.6 + 45.5 172.6 + 49.1 63.6 + 24.3 109.0 + 28.0 30.0 + 4.7 


*Method of Sperry and Brand.® 
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from sixty-two subjects, and he stated that with few exceptions values over 31 
per cent were found only in the presence of infection or liver disease. 

Using substantially the same method, Sobel and Mayer'® found the per- 
centage of free cholesterol to total cholesterol to vary from 22.6 to 29.2. On the 
other hand, Page and co-workers’? found no such constancy of ratio, but their 
average value, based on data from sixty-six subjects, was 34.9 per cent free. 
Other workers?’ used digitonin to precipitate the free cholesterol, and the 
digitonide was estimated gasometrically. Folch and co-workers?! have stated 
that the gasometric values for free cholesterol are 20 per cent too high. Gardner 
and Gainsborough?? likewise used digitonin to precipitate free cholesterol which 
was then estimated colorimetrically and reported 35.3 per cent free cholesterol 
in twenty-one women and 33.8 per cent in twenty-two men. Recently Foldes 
and Murphy,** using digitonin precipitation, found an average of 33 per cent 
free cholesterol in the blood plasma of forty normal subjects. Although there 
appears to be some difference in the percentage of free cholesterol obtained by 
different laboratories using various methods, it is apparent that there is little 
disagreement over the fact that the percentage of free cholesterol is quite con- 
stant. The chromatographie method gives values for the percentage of free 


cholesterol within the range of those reported by others. 


SUMMARY 


Cholesterol and cholesterol esters adsorbed upon aluminum oxide from 
petroleum ether solution can be separated by selective elution. The ester fraction 
is eluted with 10 per cent ethyl ether dissolved in petroleum ether, and 
the free cholesterol with a 10 per cent solution of ethyl alcohol in petroleum 
ether. 

The ester fraction is saponified and the free cholesterol in both fractions 
is determined by the Liebermann-Burchard colorimetric method. The method is 
rapid, approximately three hours are required for a complete determination, and 
the results are reproducible with an accuracy within 5 per cent. 

The procedure has been applied to normal blood serum and plasma. The 
per cent of free cholesterol found in ten normal sera averaged 34.1 + 4.9 per cent, 
and in twenty-five normal plasmas it averaged 35.8 4 4.7 per cent of the total 
cholesterol. 
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